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INTRODUCTION 


For many years the search for a surgical procedure or a combination of 
procedures which might improve the over-all results of the surgical treat- 
ment of duodenal or marginal uleer was conducted. With the reintroduction 
of vagus resection by Dragstedt in 1944? another stimulus was given to this 
problem. As a result of this, a variety of combinations of surgical procedures 
were introduced and performed in a varying number of cases. These newer 
methods of surgical management are now being more fully evaluated, since the 
time interval in many series has now reached a point where long-range results 
can be more accurately assessed. During this ten-year period, a great deal of 
controversy and discussion have developed; as a result of this, uncertainties 
exist as to which of the surgical procedures will provide the patient with the 
best long-range results. It appears from the eurrent literature that the con- 
sistently best results occur in the patients upon whom an adequate partial 
gastrectomy was performed.'-** 
PURPOSE 

The purpose of this report is to present our results of partial gastrectomy 
with or without bilateral infradiaphragmatie vagus resection for the treatment 
of duodenal or marginal ulcer in 231 patients. The selection of eases for both 
series for surgical intervention was based upon the accepted criteria, which are 
universally known. This report includes 189 consecutive male patients treated 
by partial gastrectomy and 42 male patients upon whom a combined procedure 
of partial gastrectomy and bilateral vagus resection was performed during a 
seven-year period beginning in August, 1946. 

Received for publication May 26, 1954. 
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AGE INCIDENCE 
The average age was 47.5 years for the partial gastrectomy group and 42 
years for the other group. The youngest patient was 21 years and the oldest 
7) years of age. The greatest numbers in both series, over 50 per cent. were 


in the groups from 40 to 59 years of age (Table | 


TABLE I. INCIDENCE ACCORDING TO AGI 


AGE PARTIAL GASTRECTOMY AND VAGES 

(YR. ) NO, | 

20-29 14 7 7 7 
30-39 35 19 lt) 

40-49 42 22 o 

50-59 70 37 16 8 
60-69 26 14 } 

70-79 2 l 0 

Total 189 L100 $2 


DURATION OF SYMPTOMS AND PREOPERATIVE COMPLICATIONS 
The average duration of symptoms prior to definitive surgery was 105 
years in the partial gastrectomy series and 9 years in the vageetomy series. 
ereater number of various 


In both series previous surgery was performed; a 


surgical procedures were performed in the vagus resection group (Table I 


TABLE II. PREVIOUS SURGERY 


PARTIAL GASTRECTOM ¥ PARTIAL GASTI 
GROUP VAGFEE OMY ¢ 
TYPE NO. a 
Gastrectomy, partial 3 1.5 l 
Gastroenterostomy 8 1.2 7 
Perforation, ulcer, closure 29 2 2 ) 
Total 40) 21 16 s 


Other complications of the uleer syndrome oceurred in both series in equal 


numbers; namely, bleeding in 60 per cent of the cases and pylorie obstruetion 


in 38 per eent. 


GASTROINTESTINAL BLEEDING 


Preoperative gastrointestinal bleeding occurred in 115 (60 per cent) pa 
tients in the gastrectomy series as compared to 35 (60 per cent) patients in 
the vagectomy series. It was considered moderate to severe in 42 per cent ot 
the gastrectomy group and in 38 per cent of the vagectomy group. Massive 
hemorrhage (41 per cent) occurred twice as frequently in the gastreetom) 
group of patients under 50 years of age. Hemorrhage in both groups was 
more severe and more frequent in the younger patients than in the patients 
over 40 years of age. Repeated episodes of bleeding occurred in both groups, 
the incidence being 58 per cent in the gastrectomy series and 77 per cent in 


the vagectomy series. 


Bes > ce ae 
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A partial gastrectomy was performed as an emergency procedure because 
of hemorrhage in 22 (11 per cent) patients and the combined operation in 4, 


or 16 per cent, of the patients in the other group. 
PREOPERATIVE GASTRIC ANALYSES 
Preoperative free acid in units over 35 was present in the fasting stomach 
in 59 per cent of the gastrectomy series as compared to 46 per cent in the other 
series; after histamine in 73 per cent of the gastrectomy series and in 57 per 
cent of the vagectomy series. In the vageetomy series, Hollander’s insulin test 
revealed an increase of free acids above 35 units in all eases tested. 


TYPES OF OPERATIVE PROCEDURES PERFORMED 


In both series the partial gastrectomy was identical in type and seope. 
The operations were performed through a supraumbilieal, elliptical, trans- 
verse, transrectus abdominal incision. About 75 per cent of the stomach was 
resected, removing almost all of the lesser curvature. An anteecolie gastro- 
jejunal anastomosis was accomplished using a short afferent jejunal loop to 
the lesser curvature side of the stomach. In all eases, except 2, the uleer and 
associated fibrosis were removed. 

In the series of cases in which a vageetomy was performed also, this was 
accomplished below the diaphragm by mobilizing the esophagus through the 
esophageal hiatus. The vagus nerves and their branches were completely 
dissected free for a distance of about three to four inches from the esophagus 
down to the stomach. This portion of the vagal pathways was resected. 

The abdominal wounds were closed by approximating the anterior and 
posterior rectus sheaths with interrupted fine silk sutures. The majority of 
patients were ambulatory on the first postoperative day. 

RESULTS 

The follow-up in both series was about the same in reference to the period 
of time and the number followed; 83 per cent of the patients in the gastrec- 
tomy series were followed for six to ninety months and 89 per cent in the 
vagectomy series for a period of six to eighty-four months. During this period 
the patients were admitted to the hospital at least once a year for complete 
studies and on the alternate six months were seen as outpatients. 


ASSOCIATED SURGICAL PROCEDURES 

In both groups other procedures were performed at the time of definitive 
Surgery in order to remove or correct associated pathologie conditions; this 
was performed in about the same percentages in both groups, as noted in 
Table IIT. 

POSTOPERATIVE COMPLICATIONS 

Thirty-three per cent of the patients in the gastrectomy-vagectomy group 
developed postoperative complications as compared to 26 per cent in the gas- 
trectomy group. The type and number in both groups are listed in Table IV. 
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TABLE III. ASSOCIATED SURGICAL PROCEDURES 
GAST CTOMY- 
PARTIAL GASTRECTOM Y VAGI 
OPERATIONS GROUP ( 
Appendectomy 5 
Choleeystectomy 3 
Choleeystojejunostomy 3 
Choleeystotomy and choledochotomy | 
Diverticulum, duodenal, excision | 
Diverticulum, jejunal, excision l 
Diverticulum, Meckel’s, excision l 
Gastroenterostomy, resection of 1] 
Hernioplasty, ventral 2 
Liver, eyst of, excision l 
Pancreatic cyst, excision l 
Splenectomy Z 
Total 32 (17% 7 (16.63 
TABLE IV. POSTOPERATIVE COMPLICATIONS 
PARTIAL GASTRECTOMY |GASTRECTOM GECTOMY 
GROUP ( 
TYPE OF COMPLICATION % 
Wound 
Abscess 0) 7 
Hematoma l 
Infection 1.3 
Pulmonary 
Atelectasis ae 
Effusion, pleural 0 
Infarct l 
Pneumonitis l 
Miscellaneous 
Abscess, subhepatie 0.5 
Atony, gastric 0) 
Bleeding, gastric 2.6 
Cerebral hemorrhage 0.5 
Cholecystitis, acute 0.5 
Diarrhea and distention 0) 7 
Diverticulitis, acute 0.5 
Ileus, paralytic 0.5 
Jaundice, homologous serum 3.2 
Jaundice, obstructive l 
Jaundice, transient l 
Leak, duodenal stump 3.2 7 
Myocardial infarction l 
Obstruction, efferent loop as 
Obstruction, intestinal, transient () 2 
Oliguria or anuria 0.5 
-ancreatitis, acute ] 
Pericardial effusion, traumatic 0) 1.7 
Phlebothrombosis and/or thrombo a2 
phlebitis, acute 
Retention, gastric 2.1 
Uremia ] 
Urinary tract infection 0.5 


There were no eviscerations in either group; one (0.6 per cent) post- 
operative incisional hernia oecurred in the gastrectomy series. 
POSTOPERATIVE DEATHS 
There were eight (4 per cent) deaths in the gastrectomy series of 189 
patients as compared to only one (2.4 per cent) death in the 42 patients of the 
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gastrectomy-vagectomy group. In the former, four of the deaths oceurred in 
the group of 48 patients operated upon during or shortly after an episode of 
massive hemorrhage; no deaths occurred in the 4 patients in the vageetomy 
series operated upon for massive hemorrhage. 


The causes of death for both series are listed in Table V. 


TABLE V. CAUSES OF DEATH 


189-PARTIAL $2-GASTRECTOMY- _ 


GASTRECTOM Y VAGECTOMY 
CAUSE GROUP | GROUP 

Gangrene of duodenum 1 0 
Hemorrhage, gastric, postoperative 1 0 
Infaretion, myoeardial 1 0 
Infarction, pulmonary 1 (0 
Obstruction, common duct 1 0 

f Pancreatitis, acute, necrotizing ? 0 

' Perforation, duodenal stump l 1 
Total 8 (4%) 1 2.4%) 


POSTOPERATIVE GASTRIC ANALYSES 


In all patients (29) of the gastrectomy-vageetomy series studied, repeated 
gastric analyses of the fasting specimen, after histamine injection and after 
Hollander’s insulin tests revealed no free hydrochloric acid. This achlorhydrie 
state has persisted in all cases, whereas, in the partial gastrectomy series of 
112 patients studied, no free acid was found in 91 per cent of the cases in the 
fasting specimen; after histamine injection 35 per cent revealed free acid. 


2 SURE Sot oye r+ 


The twelve-hour volume of the resting gastric night secretions in the gas- 
trectomy-vagectomy series was reduced from a preoperative average of 830 


¢.¢e. to an average of 360 e@.e. 


COP ER 472 


POSTOPERATIVE GASTROINTESTINAL ROENTGENOGRAPHIC STUDIES 


Repeated postoperative follow-up gastrointestinal roentgenographie ex- 
aminations revealed a satisfactorily funetioning stoma in 110 of 114 patients 
examined in the partial gastrectomy series. The average emptying time of the 
5 stomach was less than one hour, whereas, in the gastreetomy-vagectomy series, 
gastric atony and dilatation developed, and the average emptying time of the 
gastrie remnant was three hours. Late follow-up studies in this latter group 
revealed that the emptying time returned to normal in 90 per cent of the eases. 

Repeated barium motor meal roentgenographie studies of the small bowel 
were considered normal in 98 (87 per cent) of the 112 patients in the gastree- 
tomy group as compared to a normal pattern in 17 (60 per eent) of the pa- 
tients in the other group; of the remaining 11 (40 per eent) studied in the 
vagectomy group, the small bowel pattern revealed clumping, segmentation, 
puddling, and hypomotility with a delayed transit time. In only three eases 
in this series were the patients’ symptoms related to these bowel changes. 


a cp STE nr 






EVALUATION OF FOLLOW-UP STUDIES 


In both series, the number who gained or lost weight was about the same 
(Table VI). The dumping syndrome, likewise, occurred with the same degree 
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of frequency. However, the notable difference in groups was the disturbance 
in bowel habits, particularly in reference to diarrhea and/or alternating diar-. 
rhea and constipation. In the gastrectomy-vagectomy series it oceurred in 2] 


per cent of the patients as compared to 8 per cent in the other group. 


TABLE VI. RESULTS OF FOLLOW-UP STUDIES 


PARTIAI GASTRE«¢ 
GASTRECTOM ¥ VAGECTOM' 
GROUP o7/ GROUP 

Weight 

Gain 10) $2 

Loss $2 $2 

No change 18 16 
Dumping syndrome 17 20 
Diarrhea S 2] 
Diet 

Regular 72 6G: 

Restricted 28 37 
Frequency of feedings 

3 times daily 50 63 

More than 3 times 50 2° 
Pain 

No pain R5 Qi 

Uleerlike pain j 

Distress with overindulgence 11 17 
Ability to work 

Good io 63 

Fair to good 10 1] 

Poor s & 

Unable to work ( eardiaes, s 7S 


retired, ete. 
The majority of the patients in both groups were on an unrestricted diet 
of three meals a day. In both series over 80 per cent were free from uleer 
distress. 
A marginal or stomal uleer developed in 2 (1.3 per cent) patients in the 
partial gastrectomy group, whereas none occurred in the gastrectomy series. 
The over-all evaluation of the results in the partial gastrectomy series 
was considered good or satisfactory in 89 per cent of the patients as compared 


to 80 per cent in the gastrectomy-vagectomy series. 


COMMENT 


The addition of bilateral infradiaphragmatie vagus resection to our usual 
type of partial gastrectomy in the treatment of duodenal or marginal uleer 
has resulted in certain physiologie sequelae and disturbances which have been 
undesirable. These have occurred more frequently and were of greater mag- 
nitude in the vagectomy group, and in some eases have persisted for a number 
of years. Therefore, the over-all long-range results, to date, have not been as 
good as in the partial gastrectomy series. The mortality rates in both series 
are comparable when the massive hemorrhage eases are eliminated from these 
studies. The complications following surgery are comparable except that the 
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addition of vagus resection introduces certain hazards in relation to mobiliza- 
tion of the esophagus and to the postoperative motor disturbances of the gas- 
trointestinal tract. 

The disturbances which produce the greatest number of complaints are in 
reference to the stomach and bowel functions. These are notably gastric full- 
ness and discomfort, diarrhea, and/or alternating with constipation. Motor 
meal studies in the gastrectomy-vagectomy group reveal a persistent delay in 
the emptying time of the gastric remnant in 10 per cent of the eases and, in 
40 per cent, delay in motor transit time and abnormalities of the small bowel 
pattern. Whether these two factors have any significance in reference to dis- 
turbances in normal physiology and may represent possible sources for future 
complaints is difficult to assess at this time. 

The vagus resection to date has prevented marginal or stomal ulcer; this 
most likely is due to the persistent achlorhydria. The dumping syndrome was 
not changed in character or frequency by the addition of this procedure. 

As a result of this survey, it is our opinion that the over-all results were 
more satisfactory in a greater percentage of the cases in the group of patients 
who had only a partial gastrectomy. DBeeause of this, it has been and is our 
policy to use the combined procedure only in those patients who exhibit in- 
stability of their autonomic nervous system and in whom a high inerease in 
free acids occurs following Hollander’s insulin test. 

Since an achlorhydrie state can be expected following this combined surgi- 
eal procedure, it appears that it might be safe to perform a less radical gastric 
resection and thereby eliminate one of the undesirable features of partial gas- 
trectomy. This would leave the patient with a larger gastric pouch and one of 
sufficient capacity to permit three meals a day without producing symptoms. 


SUMMARY AND CONCLUSIONS 


A comparison of the results of a partial gastrectomy with or without a 
bilateral infradiaphragmatie vagus resection in the treatment of duodenal or 
marginal uleer is presented. 

The addition of vagus resection did not increase the mortality rate but 
did increase the morbidity rate. 

Marginal or stoma! ulcer occurred in 1.3 per cent of the cases in the partial 
gastrectomy series, whereas none developed in the gastreectomy-vagectomy 
series. In this latter group there was a persistent achlorhydria in all eases 
studied. 

The roentgenographic studies of the gastrointestinal tract in both groups 
revealed delayed emptying of the gastrie remnant (10 per cent) and disturb- 
ances of the motor meal pattern of the small bowel (40 per eent) of the pa- 
tients in only the gastrectomy-vagectomy series. 

The evaluation of the over-all results revealed that the patients in the 
partial gastrectomy group were considered excellent to good in 89 per eent 
as compared to 80 per cent in the gastrectomy-vagectomy group. 
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We now limit the combined operation only to those patients who exhibit 
evidence of autonomic nervous system instability and an augmented cephalic 
gastric secretory phase as evidenced by a high response following Hollander’s 
insulin test. 
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GALL BLADDER FUNCTION (CHOLECYSTOGRAPHIC STUDIES) 
FOLLOWING NONSPECIFIC TRAUMA 


THE SYSTEMIC RESPONSE TO TRAUMA 
JoHN M. Howarp,* Caprarxs, MC, USA 


TUDIES by the Surgical Research Team in Korea demonstrated that the 

response to severe trauma is a response of every system and every organ 

in the body. As a generalization, this response persists for days or weeks, the 

duration often appearing proportional to the magnitude of the original injury. 

As part of this study of the response of various organs to nonspecific trauma, 

the ability of the gall bladder to concentrate various radiopaque media was 
observed, 

MATERIALS AND METHODS 


The observations were made on young male subjects, 18 to 25 years old, 
who had been healthy until wounded in battle. Casualties were selected with 
degrees of trauma which varied from minimal injuries which could be débrided 
under local anesthesia to severe injuries which threatened the soldier's life. No 
‘asualty was included who had direct trauma to the gall bladder, and only one 
was included who had a direct injury to the liver. Two other soldiers, one 
with acute appendicitis and one with a strangulated hernia, volunteered to take 
part in the study and were ineluded. Noneombat soldiers served as controls. 

Three contrast media were used separately: lIodeikon (sodium tetraiodo- 
phenolphthalein), 3.5 Gm. orally or intravenously, Telepaque (3-amino-2,4,5-tri- 
iodopheny] )-(2-ethy] propionie acid), 3.0 Gm. orally, and Priodax (beta[4- 
hydroxy-3.5-diiodophenyl| alpha-phenyl-propionic acid), 3.0 Gm. orally. 

Following ingestion of the opaque medium, the patient fasted until the 
study was completed. Roentgenograms were made between eight and twenty-four 
hours after the drug was taken. When feasible, serial exposures were made. 


RESULTS 

Three healthy soldiers served as controls, and six different cholecystograms 
were made utilizing separately all three drugs. Without exceptions, roent- 
genograms, made between twelve and sixteen hours after the subject took the 
drug, revealed a clearly defined gall bladder. In two instances the density of the 
gall bladder was somewhat less than in the others, but the resultant shadow was 
distinet. 

Twenty-two patients were studied during the first ten days after injury. 
Most of them were first studied within three days after injury. When feasible, 
the study was repeated one or more times before the patient was evacuated. 

The results of the study are summarized in Table I. With few exceptions, 
the gall bladder could not be visualized by choleeystography. It could not be 


Received for publication June 16, 1954. 


: *Director, Surgical Research Team in Korea of the Army Medical Service Graduate 
School, United States Army. Present address: Department of Surgery, Baylor University 
College of Medicine, Houston, Texas. 
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TABLE I. 


INJURY 
Normal 


Normal 
Normal 


Normal 
Normal 


Normal 


Perforation of lung 


Traumatic amputation 
of hand, multiple 
fractures of lower 
extremities 
Penetrating wound 
of the brain 


Strangulated inguinal 


} 
hernia 


Perforation of ab 
lominal wall 
Laceration of sealp ; 
repaired under local 
anesthesia 
Perforation of lung 
and liver 
viseeration two days 
after colostomy and 


repair of jejunum 


Multiple penetrating 
wounds of soft tissue 
Penetrating wounds 
of the chest 
Bilateral perforation 
of kidney 


Perforation of lung 


Second and third de 
gree burns of face, 
neck, hands: 
thesia except demerol 


no anes 


tetroper itoneal pene 
tration 


Acute appendicitis, 
appendectomy 
Perforation of thigh, 
bilateral; severance 
of femoral vein, 
frosthite of feet 


Traumatie amputation 


of leg 
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Volume >f 
Number 6 
TABLE I—CONT’bD 
DAY HOURS 
pA- POST AFTER ROENTGENOGRAPHIC 
TIENT INJURY INJURY DRUG ROUTE DYE RESULT 
U Shattering fracture of 5 Telepaque Oral 14 Nonvisualization 
humerus and seapula ; 17 Nonvisualization 
large soft-tissue defect = 8 Telepaque Oral 14 Nonvisualization 
V Perforation of poplit 2 Telepaque Oral 16 Clear-cut visualization 
eal artery, minor 
soft-tissue wounds 
W Traumatic amputation 5) Telepaque Oral 14 Visualization 
of foot and hand 
X Traumatic amputation Telepaque Oral 16 =Nonvisualization 
of thigh Telepaque Oral 20 Nonvisualization 
» Telepaque Oral 14 Nonvisualization 
Telepaque Oral 17 + Nonvisualization 
Y Perforation of knee, Telepaque Oral 14. Nonvisualization 
thigh, neck, and face IS Nonvisualization 
7s) Telepaque Oral 17 Nonvisualization 


visualized in individuals who suffered injury to the brain, chest, abdomen, or 
extremities, or after inguinal herniorrhaphy for an inearceration of the small 
bowel. Nonvisualization was noted in one burned patient who had not received 
Other casualties had received spinal anesthesia, inhalation anesthesia 


Pentothal. 


anesthesia 


(nitrous oxide, oxveen, ether), or During the first week after 


injury, the gall bladder was visualized in only three patients. Five patients 
were studied after a lapse of eight to ten days following injury ; visualization 
was noted in only two of these patients. 

Oi the five patients whose gall bladders were visualized roentgenographically 
at some time during the study, none had an intra-abdominal injury. One pa- 
tient with a minor wound of the sealp which was repaired under local anesthesia 
appeared to have a normal gall bladder function on the following day. Con- 
versely, the vall bladder ot Patient () Was demonstrated only on the eighth dav 
after injury and after three previous studies had failed to demonstrate the gall 
bladder 


DISCUSSION 


The reason that the gall bladder cannot be visualized after injury is not 
apparent. Tt eannot be explained on an anatomic basis, although injuries to 
the extremities appear to have somewhat less effect. Abdominal injury is not 
a prerequisite for this response. Anesthesia is apparently not the cause of this 
abnormality, as one patient received no anesthesia and the anesthetic agent and 
route of administration varied from patient to patient. 

Failure of Hepatic Erecretion. 


tion might be a failure of the liver to exerete the contrast media. 


One of the possible reasons for nonvisualiza- 
Hepatic fune- 
tion studies were carried out on six of these patients as well as many other 
casualties. Bromsulphalein retention (forty-five minutes after injection of 5.0 
mg. per kilogram of body weight) often reached 20 to 30 per cent on the day 
after the injury, gradually falling to normal during the ensuing week.' — In 
two of the six patients in this series who had both studies, the gall bladder re- 


mained **nonfunetioning’~ after the Bromsulphalein exeretion had returned to 
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normal. Furthermore, Bockus? found that gall bladder visualization persisted 
in the face of hepatie disease until the Bromsulphalein retention reached 25 per 
cent or more after thirty minutes. 

In this group of casualties, the plasma bilirubin concentration rose during 
the first twenty-four hours, often reaching 2.0 to 3.0 mg. per cent. It then 
tended to fall toward normal. In the group studied with cholecystograms, three 
had plasma bilirubin determinations performed; again this hepatic function 
returned to normal before the gall bladder could be visualized by cholecystog- 
raphy. Furthermore, Readinger and his associates* showed that in patients with 
viral hepatitis, the gall bladder could still be visualized roentgenographically 
until the plasma bilirubin concentration reached approximately 11 me 


er cent. 


Failure of Gastrointestinal Absorption.—Although this may be a factor of 
some importance, it is not the basie cause of nonvisualization as demonstrated 
by the failure to visualize the gall bladder following intravenous administration 
of the drug. 

Primary Failure of Gall Bladder Function.—This is apparently the cause of 
nonvisualization of the gall bladder by choleeystography following injury. There 
is reasonable evidence to support the hypothesis that the gall bladder, embryo 
logically a part of the gastrointestinal tract, takes part in the paralytic ileus 
following injury. A failure of the gall bladder to empty, and thus to receive 
fresh hepatic bile containing the contrast medium, might be one factor; another 
might he a decreased absorption ot water from the bile and thus a failure to 
concentrate the drug sufficiently to permit roentgenographic visualization. There 


is ample evidence to demonstrate both factors at play in the gastrointestinal 


tract. Clinical experience has amply demonstrated that a degree of paralytic 
ileus follows any severe trauma and may be prolonged after injury of abdominal 
viscera. Studies with deuterium oxide (heavy water) have demonstrated that 
the absorption of water from the gastrointestinal tract is delayed following 
trauma. This defect in absorption Has persist for as long as one we following 
the return of ‘‘elinieally normal’* gastro /ntestinal function 

The fundamental cause of such a gall bladder defect is unknown. (all 
bladder motility is under the hormonal control of choleeystokinin.* There is no 


evidence that the motility ot the vall bladder in the human being is inder the 
direct influence of the autonomic nervous system. The release of ¢ pinephrine, 
as part of the response to trauma, could hardly be the explanation, as Stewart,’ 
in the early days of choleeystography, routinely administered epinephrine eo 
incident with the intravenous injection of the choleeystographie drug in order 
to minimize reactions from the latter drug. The effeet of adrenal cortical 
hormones on choleeystie function has not vet been determined. 

Radiologists and elinicians have occasionally made related observations. 
Skinner® described four patients with subacute perforations of gastroduodenal 
uleers whose gall badder could not be visualized roentgenographically, whereas 
thirty patients with chronic uleers had normal gall bladder function. He 
hypothesized that intra-abdominal disease which resulted in signs of peritoneal 


irritation was associated with nonvisualization. Leb’ also noted that numerous 
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patients with duodenal ulcer had nonvisualization of the gall bladder following 
the intravenous administration of the drug. Of twenty-five patients with 
duodenal uleer and nonvisualization, ten were found to have an entirely normal 
gall bladder. He postulated that a ‘‘nervous irritation of all intra-abdominal 
organs’” resulted from the ulcer. 

Isolated reports include mention of nonvisualization associated with acute 
appendicitis, perforated ulcer, and other acute abdominal disease.* ° 

Silvani and McCorkle'’ reported that of twenty-eight patients with acute 
pancreatitis, sixteen had a failure of gall bladder visualization following the 
intravenous administration of lodeikon. At least eleven of the latter sixteen 
patients subsequently proved to have a normal gall bladder, Nonvisualization 
oceurs frequently during the late months of pregnaney."' 

Boyden'* noted that stimulation of the gastrointestinal tract, particularly 
of the cecum, produced inhibition of gall bladder motility. 

Rewbridge and Halpert'’ reported that following the operative injection 
of Lipiodol into the gall bladder of the dog, the oil often remained in the gall 
bladder for several days. Patients on a fat-free diet have been reported to 
develop a physiologic stasis of gall bladder bile. Nonvisualization of the gall 
bladder may result." 

CONCLUSIONS 

Following severe injuries to any part of the body, choleeystography fre- 
quently resulted in a temporary nonvisualization of the gall bladder, This 
evidence strongly suggests that the gall bladder participates in the body's re- 
sponse to injury. 
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DECELERATION, HIGHWAY MORTALITY, AND THE MOTORCAR 


Horace E. CAMPBELL, M.D... DENVER, CoLo 


HE facts basic to the present discussion are these: each vear in tle United 

States for the last twenty years something over 58,000 people have been 
killed by the motorear (it was over 40,000 in 1941) and something over one 
and one-half million injured annually. Stated otherwise, the motorear has 
killed 64,000 more people in the fifty vears of its existence than have all ow 
wars put together. During the vears of the Korean conflict, many more people 
were killed and injured right at home than became casualties in Kore: A life 
is lost due to the motorear every fifteen minutes around the cloe F and 
night, and every one-half minute someone is injured, here in the United States 

These deaths, for the most part, occur because the motores hilac 
turers make no provision whatsoever for the control of the oceupants when 
they must decelerate rapidly. What happens to the motorear ride inde 
conditions of rapid deceleration is left entirely to chance. wit! e results 
recorded previously. Anywhere from 70 to 90 per cent of these deaths ame 
injuries need never have occurred if the most rudimentary provisions had beet 
made for the control of deceleration, that is, the safety belt as used in ai 
planes. 

The safety belt came into use in airplanes as long ago as 1913. and |x 
came universal shortly thereafter. [It is probably impossible to fin vher 


} 
; 


in the world today an airplane seat without a safety belt, and vet the need for 


the same in the motorear is probably greater than in the airpla: Pri thi 
field of military aviation the problem has been met with boldness and origi 
nality. When the B-47 has made a landing and is going too fast for safety, 
a parachute at the tail is released, a simple and effective device for rapid d 

eeleration. In a paper in 1946 Hugh DeHaven stated, “*Up to the present 
aircraft have been built solely to Hy, not to crash. This single approach and 
design has been costly in the past and is no longer acceptable in} ary a 
craft where a few pounds of extra weight to give crash protection has been 
an important concession.’ It is possibly about time that we build the motor 
car to erash. We need something to hold us in place when we ; piv oul 


modern brakes, and for years we have needed something to hold us in place 
when we ‘‘make a forced landing,’’ as it were. 

The case has been stated as clearly and as trenchantly as can be by Mi 
William W. Harper, consulting physicist to the Pasadena and Los Angeles 
Police Departments. He wrote: 


‘*Let us assume that a vehicle collides with a solid fixed object at peed 
of 30 miles per hour. Let us assume further that the car is crushed it stanes 
of two feet, This represents a deceleration rate of 483 feet per second yu 
Such a deceleration is 15 times the acceleration of gravity, which is 32 feet per 
Received for publication Mareh 15, 1954 
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second per secona, This unit of gravity is called the G. For convenience, we say 

that the vehicle sfered a 15 G crash, 

‘* But how does the vehicle occupant behave in such a crash? At the moment 
of impact he has the same velocity as the vehicle. As the vehicle crashes to a full 
stop he continues forward at almost the same speed of 30 miles per hour and col- 
lides with the dash and windshield. By the time his body reaches these objects 
they are at rest, or nearly so. Assuming that the combined crushing of his body 
und vehicle interior will reduce his velocity to zero in a distance of two inches, he 
will have suffered a deceleration of almost 5,800 feet per second per second, or 180 
(Gis. 

‘Although the occupant might have survived without injury the 15 G crash of 
the vehicle, he cannot eseape injury or death from the 180 G erash of his body 
against the interior of the vehicle. 

‘The physies of injury tells us something which seems paradoxical: If the 
occupant wore the car, as he would a suit of armor, the crushing of the car ex- 
terior in a collision would absorb tremendous amounts of impact energy and 
protect him from bodily injury. The oeeupant would be spared injury unless his 
passenger space became extensively crushed. But for some unexplained reason 
the teachings of physics have never been understood or accepted by the motorist 
so, rather than ‘strap on’ the vehicle and take advantage of its protective armor in 
a erash, the motorist watches the vehiele crash relatively slowly to a stop and then 
dashes himself violently to pieces against its interior! This makes no sense at 


all, but it is still standard practice after 50 vears of automotive accident history. *’ 


linmediately there will be some (who ought to know better) who will say 
that the safety belt will do no good, and there are even some (of very mixed 
motives, no doubt) who will say that the safety belt will entrap and kill more 
than it will save. For the former, let me again state that the safety belt is a 
ivost rudimentary device and that even now the Navy has a safety harness 
that will withstand 40 G. Thousands of lives have been saved by the safety 
helt as it now exists and no essential change has been made in it in the last 
forty vears. It can be improved immeasurably if someone will just put his 
mind te it. For the latter, | ean only suggest again that the motivation for 
their statements remains obscure, to say the best. 

The inereasing army of motorear dead are being killed by physical forees 
that a child can understand, and the facet that in this superscientifie age no 
planned counterforees are applied to prevent this appalling death rate is one 
of the major mysteries of our time, Our foremost industry, which hires the 
best scientifie and designing brains available, and whieh spends millions chang- 
ing colors and contours annually, still has made no provision at all to keep the 
motorear oeeupant from banging around inside the vehicle or plunging out 
of the vehicle when powerful decelerative forces have suddenly to be sustained. 
As Mr. Harper said, * lt makes no sense at all, but it is still standard praetiece.’’ 

Excellent belts are on the market, and more will come into being, par- 
heularly if physicians recommend their use the medieal profession should lead 
the public in its demand tor that degree of motorear safety whieh is well within 
the reach of present-day technology. At least, we can borrow from the air- 
eraft industry design features whieh it brought out ten years ago. Motorear 
manufacturers advertise at great cost the thrills and satisfactions of increased 
acceleration. It is time that they point out in their advertising the even more 
abidine satisfaction of controlled deceleration. 
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SUMMARY 


The motorear has killed more people in fifty years than all our wars put 
together. When the motorear stops suddenly, the occupants continue i motion, 
and are killed bv blows from the car interior or by objects outside the ear. 


The solution is simply to keep the oceupants in their seats. They should **strap 





on’ the vehicle and take advantage of its protective armor in a crash. The 
universal use of the seat belt will save thousands now doomed to die. This, plus 
correct design of the car interior, can solve this appalling national problem 
Doetors were among the first to adopt the motorear as a part of the daily 
living; they should lead in the development of a sate motorear 
} 
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AUTOMOBILE COLLISION INJURIES 


Ropert G. LIVINGSTONE, M.D., CAMBRIDGE, MAss. 


N IMPORTANT step in the campaign for greater safety in highway travel 
A is the study of the causes of injury in automobile accidents. The aceumu- 
lation of data regarding the nature, loeation, and source of these injuries will 
provide a basis for the development of adequate protective measures; related 
to the details of the various accidents, this information will also aid in the 
identification of hazards in the design and structure of automobiles. The 
suecessful completion of this study requires the pooling of data from many 
observers. 

An account of the findings in a series of patients who were injured in 


automobile collisions is presented in this communication, 


MATERIALS AND METHODS 


An opportunity to observe a total of 1475 patients with injuries attributed 
to automobile collisions was obtained through the cooperative assistance of local 
physicians during the past five vears, 1949 through 1953. All these patients 
had been occupants of passenger automobiles at the time of injury; in most 
instances, they had been identified also as drivers or as passengers in the front 
or rear seats of the automobiles. The findings in this group of patients have 
provided the data for this report. 

A familiar classification of the various types of injuries was retained in 
their description as abrasions and contusions, lacerations, strains or sprains, 
fractures, and dislocations. A separate listing was made for such conditions 
as cerebral concussion and whiplash injuries of the neck. Contusions of the 
head were not recorded in instances where the diagnosis of cerebral concuss.on 
had been made, and contusions of other parts were disregarded when they were 
associated with fractures or dislocations. 

A diagnosis of fracture or dislocation was recorded only where verification 
had been obtained by x-ray examination. 

The sites of injury were classified according to their location in six arbi- 
trarily defined body regions. For convenience in this analysis these regions were 
identified as the head and neck, chest, arms and shoulders, back, abdomen, and 
legs and pelvis. The presence of multiple injuries of the same type within one 
hody region, such as abrasions and contusions of both arms or of both shoulders, 
was recorded as a single injury. 

The identifieation of the sources and probable mechanisms of these injuries 
was based primarily on the history. Where the injuries were regarded as be- 
ine consistent with the information supplied by the patient, the sources were 
listed as given, although for ease in compilation those relating to the center 


Received for publication June 16, 1954. 


1059 








1060 LIVINGSTONE 


auto 


posts, windows, doors, and their fittings were termed the ‘‘side’* of thy 


mobile. Accounts of having been **thrown about,’’ **wrenched,”” o1 


in the collision were tentatively accepted as the causes of strains or sprains 


twisted”? 


An indication of the severity of the injuries in individual patients was 
sought in the recorded duration of objectively apparent residuals, provided these 
were severe enough to prohibit return to work or normal activity 

FINDINGS 
A total of 3,196 injuries, as classified in this study, oecurred in the group 


ot 1475 patients. There were no fatalities. 





Multiple injuries were found in approximately three-fourths of the drivers 
two-thirds of the passengers in the front seat, and three-fifths of thy ssengers 
in the rear seat (Table I). 

TABLE I. OcCURRENCE OF SINGLE OR MULTIPLE INJURIES, ACCORDIN | 
OF OCCUPANTS 
ID 
Number of patients with: 
Single injuries 160 118 112 it 
Multiple injuries 1] 258 177 2 
Total 61] O76 289 199 A7 

D driver, PF passenger in the front seat, PR I nt 
passenger in unspecified seat. 

Nature and Location of Injurics—Almost three-fifths of the tot numbes 
ot injuries were abrasions and contusions Table IJ] Appro one 
eighth of the injuries were those of whiplash effeet on the neck, w C approxi 
mately one-fifth of the total number were strains or sprains in other locations 
Approximately one in three of the injuries involved the head and nm om 
ten the chest, one in five the arms and shoulders, and one in three the back on 
legs and pelvis. 

TABLE II. NUMBER AND TYPE OF INJURIES, ACCORDING TO Lov 
HEADAND ARMS, r 
r'YPE OF INJURY NECK CHEST SHOULDERS BACK  ABDOM 
Abrasion, contusions 174 302 04 10s; OD 1D s 58.9 
Lacerations 6S ov | 2 +. ] 
Strains, sprains $17 173 159 17 4.5 
Fractures 7 ( 7 2 
Dislocations 3 2 
Other injuries m1 1.6 
Total 1.017 0S 716 DOD ).) SPF, ’ ggg 
GF 3,196 31.8 9.6 22.4 17.4 2.0 16.4 90.9 


‘Whiplash 


A compilation of injuries, relating their type and location to the ¢ 
cation of the occupants, is given in Tables TI] and IV 
drivers were principally those of the head and neck, arms and. sho 


hack, while those affecting the passengers, whether occupants of the 


injuries. 


aSstil 


The Injuries of the 


cle rs, or 


lrront or 








rear seats, were predominantly injuries of the head and neck, arms and shoulders, 


or legs and pelvis. 
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A total of thirty-one instances of fracture occurred in this series (Table V). 
While most of these injuries involved the head and neck (seven instances) or 
extremities (sixteen instances), there were multiple rib fractures in five in- 
stances and vertebral fractures (one vertebral body fracture and one spur frac- 
ture) in two instances. Fractures of the acetabulum in two instances occurred 
in association with dislocation of the hip. 


TABLE LIL. NUMBER AND LOCATION oF INJURIES, ACCORDING TO CLASSIFICATION OF OCCUPANTS 

LOCATION D W%A380| pr Jo 839 PR % 583 | PX | TOTAL — 
Head, neck 364 264 316 37.7 204 35.0 133 «1,017 
Chest 1g 13.8 53 6.3 15 (Pe | 20 308 
Arms, shoulders 309 22.4 190 22.6 136 23.3 SI 716 
Back 284 206 10g 13.0 97 16.6 75 565 
Abdomen +] 2.9 13 1.6 y 1.3 2 65 
Legs, pelvis 192 13.9 15S 1S.8 92 15.8 83 525 

Total 13S S39 583 ~ 394 393,196 — 
I) driver, PEF passenger in the front seat, PR passenger in the rear seat, PX 


passenger in unspecified seat 


Tanne TV. NUMBER AND Tyre or INJURIES, ACCORDING TO CLASSIFICATION OF OCCUPANTS 


rYPE OF INJURY Ip % ASSO Pr % 839 PR % 385 PX TOTAL 
Abrasion, contusions ti on.2 on 60.9 ole 63.9 224 1,883 
Lacerations heb 2.4 a) 6.0 24 * 23 130 
Whiplash (neck 195 14.1 108 12.9 60 10.3 a4 417 
Strains, sprains bade 25.6 14 16.0 110 18.9 S82 679 
Fractures S O06 15 L& 2 0.3 6 31 
Dislocations | ” 0.2 1 0.2 ] 5 
Cerebral concussion 15 1.1 IS 2? () 13 22 > 49 
Laceration of brain = a oa 1 1 
Burns l 0.1 = -_ _ 1 
Total 1380 839 5833 394 3,196 — 
I) driver, PF passenger in the front seat, PR passenger in the rear seat, PX = 


passenger in Uunspeciiled sent 


TABLE Vo CLASSIFICATION OF FRACTURES (THIRTY-ONE PATIENTS ) 





Nasal bones 6 Vertebrae 2 
Zygomatic arel | Acetabulum 2 
Clavicle 3 Patella 1 
Humerus | Fibula (above ankle) 1 
Radius and ulna, at wrist l Tibia and fibula, at angle 4 
Metacarpals ” Metatarsal ] 
Ribs if 


There were two dislocations of the thumh (one driver), one of the shoulder 
(passenger in the rear seat), and two of the hip (passengers in the front seat). 

Broken teeth were associated with abrasions and contusions of the head and 
neck in twelve instances (two drivers, seven passengers in the front seat, one 
passenger in the rear seat). One patient had a minor burn of the face, caused 
by a cigar, and one patient had a severe laceration of the brain. 

An indication of the severity of the injuries in 827 patients is provided in 
Table VI. The periods of disability in these cases represent the duration of 
objectively apparent residuals whieh were severe enough to prohibit return to 


work or normal activity. 
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TABLE VI. Days or DISABILITY, RELATED TO CLASSIFICATION OF OCCUPANTS (S27 Pa rs 
RANGE OF AVERAGI 
PATIENTS DISABILITY PERIODS DISABILITY lOD 
D) t58 0-35 6.9 
PF 159 0-49 74 
PR 126 0-35 6.1 
PA S4 0-42 9.5 
As a group 0-49 7 
LD driver, PF passenger in the front seat, PR passeneer in the &j Ps 
passenger in unspecified seat 


The duration of disability in the instances of brain laceration, compression 
fracture of the vertebral body, and dislocation of the hip is not represented in 
this table. 

The 


identified 


Sources and Mechanisms ol Injury. SOUTCEeS O njury in 

this group of patients are listed in Table VIT. 
TABLE VII. Sources or INJURY, ACCORDING To ¢ ss ( () 
NUMBEI! IES 

SOURCE rovTaAl Or 10) ) A & s/ I _ ; - 
Windshield 228 Bs: lO] 7.3 127 l 
Steering wheel 2] 10.4 2) 21.0 7 
Dashboard DOT O49 124 0) l 21.8 
Side of automobile 792 ys We 24S 1S.0 Sie ( SZ zZ +4 
Occupied sent 120 ede? ] +4 po oe” Ape ‘ 17 
Back of front seat IS: 5.0 ‘ 
Other occupants 1] 4 ] t ri 7 
Floor Bt 1.1 ro .] ‘ “ t 4 
Whiplash neck ) $17 13.0 105 14.1 s » Qg ( 54 
Strains, sprains HS] 21.9 a4 25.7 i i , 82 
Other s 0.2 } Oo } 4 
Total 3.103 123So Qg 1s s] 
Not identified 93 

D driver, PF passenger in the nt seat, Pl I n tl t. PX 
passenger in unspecified seat. 

Includes two vertebral fractures 

The miscellaneous sources of injury included the rearview mirror (two 
lacerations), flying glass (three lacerations), a sample case thrown from the 
rear pareel shelf (one cerebral concussion), a pail held between the knees (one 
abrasion and contus.on), and a lighted cigar (one burn 

An inability of the occupant to control his motion in relation to that of 


the automobile was emphasized in the explanations of most of the injuries in 


these accidents. The usual history, in head-on collisions, was that of having 


been thrown forward, with resultant impact against a part of the automobile, 


or With strains or sprains from concomitant twisting or wrenching. The history 


in instances of collisions from the rear was that of havine been thrown back- 


ward, usually with injury to the neck. A combination of these mechanisms was 


generally referred to in the instances where multiple collisions occurred. 


Approximately two-thirds of these injuries, when reviewed with these 


explanations in mind, appeared to be due to impact or crushing, while approxi- 


mately one-third seemed to be the result of whiplash, wrenehing, or protective 
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rotation (Table VIEL). The impact injuries usually involved the head, arms 
and shoulders, or legs; the injuries of whiplash, wrenching, or protective rota- 


tion commonly affected the neck, arms and shoulders, or back. 


TABLE VIII. CLASSIFICATION OF INJURIES, ACCORDING TO LOCATION AND 
PRINCIPAL MECHANISM 


WHIPLASH, 


IMPACT, WRENCHING, OTHER SOURCE NOT 
LOCATION CRUSHING | % 1,999 ROTATION Yo 1,098 | MECHANISM | IDENTIFIED 

Head, neck 565 P83 417 38.0 3 32 
Chest 208 14.0 - - 10 
Arms, shoulders 525 26,2 Be 15.8 1 17 
Back 102 5.1 461 12.0 1 1 
Abdomen On Se - - 2 
Legs, pelvis $44) 22.5 47 4.2 1 31 
Total 1,999 1,098 6 9 


COMMENTS 

The principal cause of injury in this series of patients appeared to be un- 
controlled motion of the occupant in relation to that of the automobile. This 
factor has been the subject of recent comment by Schaefer and by Campbell. 
In abrupt deceleration, as in a head-on collision, the occupant continues to move 
forward, at approximately the velocity of the automobile in the instant preceeding 
the accident, until he is stopped by impact against the steering wheel, wind- 
shield, or dashboard. The rate of deceleration of the oeeupant under such e¢ir- 
cumstances may be many times greater than that of the acceleration of gravity. 
In abrupt acceleration, as in a collision from the rear, the automobile is thrust 
forward beneath the oecupant. A whiplash injury results when the head and 
neck are snapped backward, or when such hyperextension is overcorrected. 
These mechanisms may be combined in the multiple collisions whieh often oeeur 
in heavy traffic. 

Various measures have been suggested to provide protection against these 
effects of acceleration. The seat belt is a well-known example. Securely 
anchored to the frame of the automobile, sueh a device can hold the oceupant 
firmly and squarely in the seat, literally forcing him to wear the automobile 
asa suit of armor. The use of the seat belt in aireraft and in racing ears has 
already established its value, but while its installation involves little cost or 
effort it has vet to find wide acceptance, 

The adoption of other suggested measures requires appreciable change in 
the automobile. A representative listing includes: elimination of all sharp 
edges and projections; adoption of push-button controls and recessed fittings; 
generous use of padding throughout the automobile; use of plastie or ‘‘pop- 
out’’ windshields; installation of a flexible joint in the steering column which 
will yield under pressure, or the adoption of aireraft-type levers in place of 
the steering wheel; installation of nonrigid dashboards; elevation of the backs 
of the seats, to support the head and neck; use of locking or anchoring devices 
on all seats; installation of periscope rearview mirrors; use of body econstrue- 
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tion material whieh will deform or absorb the force of imnpaet stallation of 
‘“olen’” shock-absorbing bumpers Woodward Heiss already Crp b «| Phbed ti 0 


these recommendations. 


A change in the design or strueture of automobiles is. : tter of eon. 
siderable expense. Such steps are not likely to be taken by mat eturers unti 
the needs for specific protection are established 1)’ adequate st The ae 
cumulation of data from many observers, preferably in suita tandardized 
form, is therefore of great importance. The findings in the ent analysis 
provide a cross-section review of nonfatal collision injuries it area where 
high-speed driving is probably exceptional. There is need for additional studies 
from other areas, where road conditions or driving practices d lore Valid 


conclusions can be drawn 
SUMMARY 
An account of the findings in 1475 patients with net Irles 
tributed to automobile collisions is presented 
Multiple injuries occurred ino approximate two-thirds rroun o 


patients. 


Approximately three-fifths of the injuries were abrasions MITUSIONS 
while approximately one-third of the total mumt» ere st sprains 
Approximately one-third of the injuries involved the head am and 
proximatels one-fourth affected the arms and shoulders The les of the 
drivers were principals those of the head and = nee aris al ders, ol] 
back, while those affeeting the passengers were predominant es of the 
head and neck, arms and shoulders, or legs and yp . 

The principal cause of injury was uneontrolled motion of 1 eupant i 
relation to that of the automobile Approxn ately two-t reals the HyjUries 
appeared to be due to impaet or crushing, while approximate dof the 
total number seemed to be the result of whip: vrenenu mrotect 
rotation The principal souree OF impact JUrTeS Was thes deo tomoby 


The average disability period, for 827 patients, was 7.2 
A list ot suggested protective Mmeastlves 1S vlvel, mit the need delition; 


data hefore recommendations are tT ace IS eClphas 
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CORTISONE AND HYPERPLASIA OF THE THYROID GLAND 
CLARENCE EK. Biro, M.D, aNnp Haun. G. Plouper, M.D., La JoLtua, CALIF. 


(From the Surgical Servier of Seripps Memorial Hospital and the Research Laboratory of 


the Scripps Metabolic Clinic) 


A WOMAN developed nontoxie diffuse hyperplasia of the thyroid gland 


during the course of prolonged oral treatment with cortisone for 
allergie rhinitis.’ The histologic change in this human case was similar to 
that reported following the administration of thioureas and other test com- 
pounds by Astwood? in rats and by MaeKenzie and MacKenzie® in mice, rats, 
and dogs, and also to the appearance reported by Higgins, Woods, and 
Kendall’ and Halmi and Barker’ in rats, and by Spirtos"® in cats, following 
the injection of cortisone. Catz’ recorded similar results with cortisone and 
other corticoids injected subcutaneously or intraperitoneally in’ rats, the 
degree of hyperplasia varying considerably with dosage and = route of 
administration. On the other hand, O'Neal and Heinbeeker> reported no 
observed change in the thyroid glands of rats and dogs following the injection 
of cortisone, 

Inasmuch as there is disagreement as to the effect of administration of 
cortisone on the histology of the thyroid gland, that portion of Halmi and 
Barker's experiment concerned with the histologic picture in cortisone-treated 


rats has been repeated 
METHOD 


Young male Long-Evans rats were fed a diet of ground Purina laboratory 
chow containing 0.9 per cent iodized salt. Tap water was available at all 
times. The animals were kept in individual metabolism cages. Three rats 
were given cortisone acetate (Cortone-Merck*), 5 mg. subcutaneously daily 
for thirty days; one rat, 5 mg. for forty days; one rat, 5 mg. for sixty-two 
days; two rats, 3 mg. for thirty days; and three rats, 5 mg. for sixty-two days. 
A pair-fed control was kept for each experimental animal. Although there 
were oceasional slight variations in feeding, the controls received each day 
about the same amount of food as had been consumed three days previously 
by their experimental counterparts. The rats were etherized, and then killed 
by bleeding from the abdominal aorta. The thyroid glands were removed, 
weighed, and fixed in LO per cent formalin. Paraffin sections were cut at 6 
Inicrons, stained with hematoxylin and eosin, and examined under low and 
high dry magnifications. Criteria used to determine hyperplasia were as 
follows: (1) change from oa flat to a cuboidal or columnar follicular epi- 
thelium, (2) presence and degree of packing or papillary infolding of 
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epithelial cells, (3) pallor and other evidences of physical change in the 
colloid, and (4) diminution in amount or absence of colloid in the follicles. 
In a typical slide showing hyperplasia, the peripheral follicles were 
irregular in size, with cuboidal or columnar epithelium. The central area of 
the gland showed closely packed follicles, or masses of epithelial cells without 
The columnar epithelial 


lumina. Papillary infoldings were seen occasionally. 


cells were often distended, and contained prominent granules. There was a 


reduced amount of poorly stained and irregularly constituted colloid periph- 





erally and little or no colloid in the central follicles. 


Lymphoid hyperplasia 


was not seen in either the experimental or control thyroids. 


All data are shown in 


‘rate. The weights of the thyroid glands were found not to be sig 


Table 


and there was corresponding loss of weight, or failure to gain 


RESULTS 


Cortisone decreased food consumption, 
normal 


nificantly 


different in the experimental as compared to the control animals 


TABLE [. 


DATA ON CORTISONI 


TREATED RATS AND PAIR-FED Cop 


AVE! L(t 
AVERAGI AVERAGI FINA 
INITIAI FINAI WEIGHT Of 
BODY BODY THYROIT 
NUMBER WEIGHT WEIGHT GLANDS iM 
OF RATS (GM, GM. MG. ‘ ARANCH 
o mg.,* 30 3 247 232 16.6 All hyperplastic 
days ma tw 
Controls 3 24] 253 18.5 All nor 
5 mg., 40 days I 218 207 8.9 Moderately hyper 
dried slightly plas 
Control ] 230 260 14.8 Sli perplasti 
9 mg., 62 days ] 28 322 19.7 Ma perplasti 
Control 1 935 333 18.5 Norm: 
3 mg., 30 days 2 205 259 16.0 One moderatels 
vie ) 
Controls 2 POS 49 15.6 QQne nor il: one 
neo | hyp I 
plast 
3 mg., 62 days 3 239 317 19.1 \ll st t 
mode ly 
Controls a 245 351 21.8 All nor 


*Daily subcutaneous injection of cortisone acetate (Cortone-Merck ) 


Nine of the ten rats injected with cortisone showed hyperplasia of the 


thyroid gland. 


The tenth 
were normal histologically. 


was normal. 


Kight of the ten eontrol thyroids 


Two showed slight to moderate hyperplasia. 


DISCUSSION 


In the experiments reported here, and in the experience of Halmi and 


Barker,® the hyperplasia seen in the thyroid glands of cortisone-treated rats 


is not accompanied by enlargement or significant increase in the weight of the 


- 
. 
t 
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thyroids. This would suggest that the function of the gland is not augmented 
and, in fact, most evidence indicates that it diminishes as a result of the 
administration of cortisone.*'' There is reason to believe that the synthesis 
of thyroxin may be inhibited or blocked within the thyroid gland during the 
administration of a variety of chemicals, probably including cortisone. 12 A 
concurrent increase in the output of thyrotropic hormone from the anterior 
pituitary gland has been assumed.’ It is theorized that the augmented out- 
put of thyrotropic hormone causes hyperplasia of the thyroid acinar epi- 
thelium without, however, producing the needed thyroxin. 

The results confirm those of Higgins, Woods, and Kendall’ and Halmi and 
Barker,” which were questioned recently by O’Neal and Heinbecker.* The 
possibility that hyperplasia of the thyroid gland, in the woman mentioned 
earlier,’ resulted from therapy with cortisone is considered to be more likely 


in view of the results obtained in these experiments. 
CONCLUSION 


The subcutaneous injection of cortisone in rats induces the histologie 


appearance of hyperplasia of the thyroid gland. 
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OBSERVATIONS ON PORTAL VENOUS PRESSI 


Robert S. CALDWELL, M.D... CLArorRNE W. Fircuerr, M.D... 


| > 
‘ 


From the Department of Su ade / and thi Surd cal I oa ; Le ; 


] r a School of Med 


INTRODUCTION 





FOLLOWING 
HEPATIC ARTERY LIGATION IN EXPERIMENTAL ANIMALS 
iy ee 
No (. Bruce Mortrox, I], M.D... CHartorresvin.i 


ECENT reports by Reinhoff.! Berman? and Chenowet 

ligation of the hepatie artery in patients with cirrhosis o 
hemorrhage from esophageal varices prompted us to study the hep 
In animals. Lowering of the portal venous pressure following 
hepatie artery, either proximal to the evastroduoden: rane 
Was reported yy them. The dlistressine complieat 
esophageal hemorrhage following this procedure has beer ( 
It seemed to us that it might be of value to study a group of ce 
and cirrhotic, in sueh a manner as to determin 
might occur following arterial ligation and whethe 7) 
sustained, 

EXPERIMENTAI VEE TEILODs: 
At the beginning of the experiments, it was evice 


sary first to establish a technical method by which we co 


cular pressures and also nermal mean Vascular pressures 


mental animals. The most satisfactory method of obt: 
the anesthetized animal. The abdomen was entered thro 
and the hepatic artery with its gastroduodenal branch « 
ethvlene cannula was inserted into the gastroduodena 
the lumen of the hepatic artery proper in sueh a mannet 
not be obstructed but a satisfactor Pressure readine Co 
a large branch of the superior mesenteric vein was isola 
a similar manner, the cannula being inserted thro 


the portal vein proper. The femoral artery and vein w 


short thigh incision and cannulated with polvethylene tubing 
ner. It was felt that 1f it were possible to obtain them, the 


sures would be of value. This was accomplished by expo 


vein and inserting a polvethvlene cannula through the 


heart, through the heart, and into the inferior vena cay: 


able to guide the tip of the cannula by his finger through 


\bridgment of these submitted by D Caldwell and D Fitehet 


(;raduate School of the University of Virginia in partial fulfillmier 
the degree of Master of Science. 

Received for publication June 22, 1954 
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into the hepatie vein. After all cannulas were in place, the dog was heparinized 


to prevent clotting. All cannulas were then conneeted to manometers. Water 


manometers were used for the venous pressures and mercury manometers for 
the arterial pressures. The manometers were read at one-minute intervals and 
recorded. At the conclusion of the experiments, all results were transeribed 
and plotted in graphie form. A diagram of the technique used in this laboratory 
is seen In Fig. 1. 


Tube in Gastroduodenai 
ranch of Hepatic Artery 


Tube in Mesenteric 
Branch of Portal Vein 


Polyethylene Tube Through 
Jugular Vein to Hepatic Vein 





Tubes in Femoral 
Vein And Artery 


At Level of 
Apex of Heort 
































Femoral Hepatic Femoral Hepatic Fortal 
Artery Artery Vein Vein Vein 
(Hg) (Hg) (H20) (H20) (H20) 


Diagram of technique used in experiments. 


By this method we were able to obtain the mean arterial and venous pres- 
sures in all vessels concerned for a group of normal dogs. Mean pressures ob- 
tained are listed here, the readings being obtained from a group of ten normal 
animals subjected to our experimental methods: 

Kemoral arterial pressure 124-150 mm. He 
Hepatic arterial pressure 126-116 mm. He 
Femoral venous pressure 42-48 mm. HO 
Portal venous pressure 82-88 mm. HO 
Hepatic venous pressure 0-6 mm. H,O 

In the same group of dogs, after a group of normal readings were obtained 
for a period of one hour, the hepatie artery was then oecluded by means of an 
atraumatie clamp. The clamp was plaeed across the hepatie artery distal to 
the gastroduodenal braneh. The clamp was left in place for a period of twenty 
minutes, during which time the portal venous pressures were obtained. The 
ean portal venous pressure fall following hepatie artery occlusion was 10 mm. 
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H.O. This finding is in agreement with the results reported by Berman, Koenig 
e = 
and Muller,* who reported a fall in pressure of 10 to 20 mm. H,O after ligation 


No attempt was made in these investigations to produce any additional drop 
in portal venous pressure by ligating the splenic artery. 


PORTAL VENOUS PRESSURES IN NORMAL 
AND CIRRHOTIC DOGS 
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GB Norma! Dogs - Mean Portal Pressure 


SS ~ Cirrhotic Dog - Hepatic Artery Ligated Distal to 
Gastroduodena!l Branch 


[xzzzJ._:«Cirrhotic Dog - Hepatic Artery Ligated Proximal to 
Gastroduodena!l Branch 


Fig. 2. The fate of the portal venous pressure ifter livatior f the hepatic t how! 


In graph forn 


Once the fall in portal venous pressure following hepatie arterial ligation 
was well established in the group of normal animals, identical procedures were 
carried out in dogs in which cirrhosis of the liver had been induced by the 
administration of carbon tetrachloride over a period of twelve to fifteen months. 
It seemed to us that the experimental production of cirrhosis of the liver employ- 
ing carbon tetrachloride would more closely simulate the changes seen in human 
portal cirrhosis. In experimental work reported by others,® portal hypertension 
with ‘*congestive cirrhosis’? was produced by constricting the inferior vena cava 
hetween the heart and the liver. This type of congestive cirrhosis seems more 
closely akin to cardiac cirrhosis as seen in the human being rather than to the 
changes that are seen in the human being with true Laennee’s or nodular eir- 
rhosis. For this reason, our experiments were carried out on animals whieh 
had received the hepatotoxie drug, carbon tetrachloride, once or twice weekly 
by mouth over a period of fifteen months. 

The second phase of the work was then started, and two dogs that had 
received carbon tetrachloride for a period of fifteen months were selected. Each 
of the dogs appeared to be in good health despite the faet that they had been 
receiving the hepatotoxie drug. The liver of each dog was biopsied thirty days 


prior to the experiment, during the first procedure, and following the completion 
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of the experiment. While neither of the two dogs showed gross evidence of 
cirrhosis of the liver, microscopically the liver showed changes typical of cir- 
rhosis. The findings were confirmed by sudan IV fat stains. The dogs subjected 
to the experiment were all anesthetized in a manner similar to those of the first 
croup. Their abdomens were entered through the usual incision, and the portal 
pressures were obtained by inserting an 18 gauge needle into a branch of the 
superior mesenteric vein and recording the findings on a water manometer. 
In two animals, the hepatie artery was ligated proximal to the gastroduodenal 
artery in one and distal to the gastroduodenal artery in the other. Portal venous 
pressures were taken before and after ligation. Following the operative pro- 
cedures the dogs were returned to the kennel and given penicillin during the 
first forty-eight hours postoperatively. Twenty-six days after the first proce- 
dure, the dogs were again operated upon and the portal venous pressures were 
determined by the method previously deseribed. 

The portal venous pressure in one dog prior to ligation of the hepatie artery 
was 150 mm. H.O. Twenty minutes following ligation of the hepatie artery 
distal to the gastroduodenal branch, the portal venous pressure dropped to 105 
mm. HO. On the twenty-sixth postoperative day, the portal venous pressure 
was found to be 220 mm. H.O. The initial portal venous pressure in the other 
dog prior to ligation of the hepatic artery was 130 mm. H,O. Twenty minutes 
following ligation of the hepatic artery proximal to the gastroduodenal branch, 
the portal pressure dropped to 100 mm. H,O. On the twenty-sixth postopera- 
tive day, the portal venous pressure was found to be 200 mm. H,O (Fig. 2). 


RESULTS OF EXPERIMENTS 


Qur experiments first established a normal base line of portal venous pres- 
sure ina group of normal animals. It was then found that in the group of 
normal animals following ligation of the hepatic artery there was a mean fall 
of portal venous pressure of 10 mm. H.O. These findings seem to substantiate 
the role played by the hepatie arterial pressure in the control of the portal 
venous pressure as reported by others. In the dogs with cirrhosis produced by 
carbon tetrachloride, there was a fall of 45 mm. H.O and 30 mm. H.O, respee- 
tively, after ligation of the hepatic artery. This confirms the reports of Berman‘ 
and others, indicating that there is a greater fall of portal pressure in the 
cirrhotic animal than in the normal animal following ligation of the hepatie 
artery. This is also evidence of the greater influence the hepatie arterial flow 
has over the portal venous flow in the cirrhotic liver. 

In two animals studied with experimentally produced cirrhosis, twenty-six 
days following ligation of the hepatie artery proximal to the gastroduodenal 
branch in one and distal to the gastroduodenal branch in the other, there was 
a significant rise in portal venous pressure. In two animals the rise in portal 
pressure was appreciably above that observed prior to ligation. 


DISCUSSION 


In 1907, Herrick® first showed that the hepatic arterial flow exerted some 
control over the portal venous system. He found that in cirrhosis the arterial 
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supply to the fibrous tissue of a cirrhotic liver was increased Therefore, al 
increased amount of fluid passed through the arterial capillaries and entered 
the portal venules and raised the portal pressure there. Epplen’ and Wretz 
coneluded that the regenerative process ot elrrhosis Was directly inder the nu- 
tritional intluenece of the hepatie artery. The portal vein continued to supply the 
original liver tissue which had escaped the destructive influence of disease 
Since the new groups of cells were chiefly drained by a group of newly formed 
central veins, new communication between the hepatic artery and the portal vei 
had been established by branches of the hepatie vein. Under normal circulatory 
relationship of the hepatie artery and the portal vein, the latter was not em- 
barrassed by the greater pressure of the hepatie artery. llowever, with th 


opening of new channels through the regenerative nodules, the anastomosis was 





much more extensive and free. This led to definite embarrassment of the porta 
eireulation. This Was thought to be one of the reasons for port: stasis and 
ascites, especially when they appeared before the connective tissue produectior 

. . | 


; 


had taken place in the liver. Dock” perfused livers with kerosene and found | 
that the total portal and hepatic flow averaged 2.420 ¢.c. per minute in normal | 
livers, 18,080 ¢.¢. in nonaleoholie cirrhotie livers, and 22,070 ¢.c. in cirrhotic 


t? 


livers due to ehronie alcoholism. The decrease in the portal flow Cyt) Coyne ning L Tie 


hepatie arterial flow was 30 per cent in normal livers, 21 per cent in livers 
with nonaleoholic cirrhosis, and 78 per cent in livers with alcoholic eirrhosis 
The normal ratio of portal to arterial flow was 1.54, but in chronic aleoholie en 
rhosis this dropped to 0.21.) Obviously a marked rise in the portal pressure 
would be necessary to restore a normal portal vein hepatic arte! rato Ber- ; 
man, Koenig, and Muller* found that there was a definite dissociation betweet 
the portal and hepatie venous systems in cirrhosis of the liver \s a result of 


sinusoid was delimited 


the dissociation, the free exit of blood from a porta 
With the dissociation, the portal pressure increased and a more cl et communi 


cation resulted between the hepatie artery and the portal venous branches 
Portal pressure rose and collaterals formed before the sinusoidal bed was 
reached. These collaterals are between the portal and systemic systems. The 
collaterals shunted from 87 to 100 per cent of the portal blood into the systemic 


venous circulation. 

In light of these facts, it seemed to us that by ligating the hepatic artery 
and removing its influence on the portal system, an increased amount of portal 
hlood might reach the liver. A shunting of the portal blood awa\ from. the 
liver might be largely due to the high head of hepatie arterial pressure, forcing 
the portal blood into the collateral passageways. By ligating the artery and re- 
moving the so-called portal obstruetion, two things would be accomplished 
First, portal blood would be allowed to get to the liver cells in a much larger 
amount, and second, the aetual venous pressure in the collateral vessels would 
he reduced. Berman, Koenig, and Muller* confirmed the reported fall in portal 
venous pressure following hepatie arterial ligation. They reported a fall in 
pressure of 10 to 20 mm. HO. They were able to produce an additional drop 
in portal venous pressure from 40 to 50 mm. H.O by ligating the splenie artery 


after the hepatic artery was tied. They also found that the fall in portal venous 
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pressure was greater in the animal with portal hypertension than it was in the 


normal animal. In 1951, Reinhoff' reported six cases of persons with severe 
cirrhosis and portal hypertension who survived ligation of the main hepatic 
artery distal to the gastroduodenal artery. In two cases the procedure was 
reported for massive hemorrhage from varices and in four others for ascites. 
All six patients presented good results in the follow-up peried. Later, Berman? 
reported an account of his first twelve cases of advanced portal cirrhosis of the 
liver, treated by hepatic, splenic, and left gastrie arterial ligation. The hepatic 
artery was ligated proximal to the gastroduodenal branch, and the left gastric 
and splenic arteries were ligated near their origin at the celiac axis. All pa- 
tients received both penicillin and streptomycin before and after the operation. 
The death of three patients within the first week after operation and two others 
within one year gave an in mediate mortality of 25 per cent and an over-all mor- 
tality of 41.6 per cent. In ten of his cases there was a significant drop in portal 
pressure immediately after ligation. All patcents who recovered from surgery 
showed some improvement in their sulfobromophthalein excretion. Chenoweth* 
later reported two additional cases of therapeutic ligation of the hepatie artery. 
The procedure was utilized in the control of massive hemorrhage from esophageal 
varices in a patient with advanced cirrhosis. The first patients showed con- 
siderable improvement with diminution of ascites and disappearance of ankle 
edema. There were no further episodes of hematemesis or melena during the 
three-month follow-up period. The second patient had several minor episodes 
of hemorrhage following surgery but general improvement later. Reinhoff'’ 
later reported on additional patients who underwent hepatie arterial ligation 
(twenty-three patients) with a mortality rate of 16.3 per cent. Ile concluded 
that the operation of hepatie artery ligation was of more benefit to patients 
With ascites alone than to those patients with associated hemorrhage. Miller,” 
Smith,"? Knepper.’ and Kramish'* have all reported additional eases of thera- 
peutic ligation of the hepatic artery for cirrhosis with varying results. The 
reports by Miller and Owen'! of three patients undergoing therapeutic ligation 
of the hepatie artery for severe esophageal hemorrhage associated with cirrhos’s 
stated that two of their patients died of hemorrhage within the first week fol- 
lowing operation. Their third patient had recurrent esophageal bleeding six 
months following the operative procedure. Witter’ reported an exsanguinat- 
ing hemorrhage and death on the fourth postoperative day following therapeutic 
hepatic arterial ligation. Other authors have also reported episodes of hemor- 
rhage of varing degrees following the therapeutic ligation of the hepatic artery. 


CONCLUSIONS 
The experiments indicate: 
l. that there is a fall in portal venous pressure following ligation of the 
hepatie artery in normal dogs, and 
2. that in dogs with cirrhosis produced experimentally with earbon tetra- 
chloride, the fall in portal venous pressure following hepatie arterial ligation 


ls greater than in the normal dog. 
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The experiments suggest that the fall in portal venous pressure in persons 


with cirrhosis following hepatie arterial ligation may be a temporary phe- 


nomenon. After the circulatory system has had a chance to make adjustments 


for this change, the portal venous pressure may again rise to its preligation level 


or to even higher levels. This phenomenon may explain recurrence of esophagea 


hemorrhages following therapeutic hepatie arterial ligation. 
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STENOSING ARTERIAL THROMBOSIS 
AN EXPERIMENTAL PHYSIOPATHOLOGIC STUDY 
Henry Harmovicit, M.D., New York, N. Y. 


(From the Surgical Research Laboratories and the Surgical Division, Montefiore Hospital) 


ROGRESSIVE narrowing of the lumen of major arteries is known to exist 

often as a result of atherosclerosis. The decrease in the size of the lumen may 
be present for long periods in a subclinical state until, as often happens, a com- 
plete occlusion occurs. While the conspicuous event of complete arterial oblitera- 
tion has been extensively investigated, arterial stenosis has aroused little or no 
attention. The paucity of clinical manifestations associated with arterial stenosis 
may account for the lack of reports on this phase of arterial disease. 

In the light of recent developments in the surgical management of arterial 
occlusions, especially of the aorta and iliae vessels, by endarterectomy," * early 
detection of the arterial disease at its preoeelusive stage may prove of great value. 

In order to gain insight into this phase of the arterial disease, a series of 
experiments was devised in the dog with two major questions in mind: (1) 
What are the vascular dynamies in stenosing arterial thrombosis and (2) what 
is the degree of arterial stenosis necessary to produce detectable physiologic 
changes? Consequently, two series of experiments have been performed: (1) 
chronic arterial thrombosis and (11) aeute graduated arterial stenosis. 


r. CHRONIC ARTERIAL THROMBOSIS 
Method 


Experimental thrombosis of the terminal abdominal aorta and iliae arteries 
was induced by the use of a magnesium-aluminum alloy wire,* the thrombogenic 
properties of which were previously demonstrated.” The composition of this wire 
consisted of 98 per cent magnesium and 2 per cent aluminum, and the wire was 
0.03 inch in diameter. Sterilization of the wire was accomplished by immer- 
sion in 70 per cent aleohol for twenty minutes prior to its use. 

Healthy adult mongrel dogs weighing 18 to 49 pounds (average 28 pounds) 
were used. All operations were performed under intravenous Nembutal sodium 
anesthesia, using aseptic technique. The trifureation of the abdominal aorta 
was exposed through a left reetus musele-splitting ineision. The trifureation 
was isolated, and umbilical tape was passed around the aorta below the inferior 
mesenterie artery and around the origin of both iliac arteries. The sacral artery 
was then isolated and a braided silk tie was placed at its distal end. During 


This investigation was supported by the Peripheral Vascular Disease Research Fund. 

Presented at the Second Congress of the International Society of Angiology, Lisbon, 
Portugal, Sept. 18-20, 1953. 

Received for publication June 10, 1954. 

*The magnesium-aluminum alloy wire used in this study was kindly supplied by Mr. R. 
T. Wood of the Aluminum Company of America, Cleveland. 
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temporary occlusion of the aorta and iliae arteries, a small arteriotomy was made 
in the saeral artery through which a two-coil magnesium-aluminum wire rangine 
from 2.5 em. to 8.6 em. (average 4 em.) in length was inserted into the abdominal 
aorta. The insertion of the wire into the aorta was facilitated by 1 lecasing the 
traction on the latter for a duration of one to two seconds. The sacral artery. 
proximal to its arteriotomy, was then ligated. The abdomen was closed in four 


lavers. All animals received penicillin for a few days postoperativel 


Re sults 


The foregoing method was used in twenty-five animals. The period of 
observation varied from seven davs to SIX months, with an average of two and 
one-half months. The distribution of the duration of the experiments is in 


dieated in Table I. 


TABLE I 
DURATION OF EXPERIMENT MBI 
1-3 wk. j 
] mo. ~ 
2 mo. 
4+ mo, 7 
# mo. } 
6 mo. 
Pulses. At the conelusion ot the procedure, femoral pulse 5S wer palpable 
in all cases. In nine animals the pulses remained palpable and of equal volume 


throughout their entire period of observation. In erght animals both femora 
pulses were palpable, but were of unequal amplitude. In eight animals only one 
femoral pulse was palpable. Claudication, usually unilateral and lasting only a 
few days, was noted in five cases. Except for the latter cases, the animals re- 
mained asvmptomatie. 

Angiography.— Retrograde aortograms were taken with a Fairchild camera, 
using 20 «.e. of 35 per cent Diodrast through one femoral artes Nineteen 
aortograms were taken in fifteen animals. All aortograms were taken in an 
anteroposterior position. The results obtained may be divided into 3 groups: 

1. Visualization of the normal outline of the aorta and iliac vessels was 
obtained in five animals, despite the presence of a thrombus in the aorta. Th 
latter, however; could be outlined as a slightly denser shadow within the arterial 
image (Figs. 1 and 2) 

2. Filline defects of the arterial contour of the aorta and iliae vessels 
were noted eight times in five animals, indicating the presence of narrowing ol 
the lumen (Figs. 3 and 4). It should be pointed out that in these animals with 
stenosis of the aorta and iliae vessels, the corresponding femoral pulsations were 
either smaller or even absent despite their good visualization. 

3. Lack of visualization of one iliae artery was noted six times in_ five 
animals, indicating its complete occlusion (Figs. 5 and 6). It should be pointed 


out that in these cases the aorta was stenosed by the thrombus, although this facet 
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was not always reflected in the angiogram or in the amplitude of the femoral 
pulsation of the noninvolved side. On the side corresponding to the non- 
visualized iliae artery, the femoral pulsation was absent, as anticipated. 
Manometric Findings.—Intra-arterial pressures were recorded in twelve 
dogs with the Sanborn electromanometer connected to 15 gauge needles which 
were placed in both femoral arteries. The duration of the aortoiliae thrombosis, 
at the time of the arterial tracings, varied as follows: one case, ten days; five 
eases, one month; one ease, one and one-half months; two cases, two months; one 
ease, three months; and two cases, four months. <All animals were lightly 
anesthetized with intravenous Nembutal and received heparin prior to the 
insertion of the intra-arterial needles. Systolic, diastolic, and mean arterial 
pressures were recorded, and at least five determinations were made for each 


arterial pressure. All recorded pressures were end pressures. 











Fig. 1.—(iross appearance of an aortic thrombus, attached at the trifurcation and located 
centrally in the lumen. 


The effect on the intra-arterial pressures and on the contour of the pulse 
curve varied with the location of the thrombus and its stenosing degree. 

(a) In the eases with the thrombus located at the trifureation and stenosing 
the aorta centrally (Fig. 1), the blood pressures (systolic, mean, diastolic, and 
pulse pressures) were normal and approximately equal in both femoral arteries 
(Cases 18, 38, 34, 37, and 388). As an illustration, arterial tracings of both 
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femoral arteries in dog No. 37 are reproduced in Fig. 7. In this case the age 
of the thrombus was one month and it was loeated in the aorta, extending from 
below the renal arteries down to the right iliae artery, stenosing th latter’s 
origin moderately. Both femora! pulses seemed equally strong on palpation. 
However, the intra-arterial tracings indicated a left femoral pulse pressure of 
90 mm. Hg and of only 60 mm. Hg on the right side as a result of the stenosis 
of its origin. The mean pressures and the contour of the pulse curves appeared, 
however, identical on both sides. 


| 


, 
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é 
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Fig. 2.—Retrograde aortogram showing a normal outline of the aorta and a shadow thit 
the image of the vessel suggesting the presence of the thrombus (diagram in insert) 
(b) In the eases with the thrombus stenosing both the aorta and one iliae 
artery, the blood pressures showed a st riking difference between the two femoral 
pressures and their arterial tracing contours (Cases 20, 22, 25, 26, 29, and 36 
[llustrating this group of cases are the femoral pressure tracings of dog No. 36 
(Fig. 7). In this case the age of the thrombus was thirty-three days and it was 
located on the right lateral side of the aorta, extending 4 em. above the trifur- 
cation and 2 em. into the right iliae artery (Fig. 8). Both femoral pulses seemed 
of equal amplitude three days after the insertion of the wire. While the left 
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femoral pulse remained good throughout the entire period of observation, on 
the eleventh day the right femoral pulse became smaller than the left, and from 
the seventeenth day on it could no longer be felt. It is of interest to note that 
while the right pulse could not be felt on palpation on the thirty-third day, the 
exposure of the artery for its cannulation revealed the presence of faint pulsa- 


tion. 











Fig. 3.—-Gross appearance of an aortoiliac thrombus, stenosing the right iliac artery. 


Qn the basis of the clinical and pathologie data, it appears that the right 
iliae artery was markedly stenosed (direetly through the thrombus in its lumen), 
while the origin of the left iliae artery was moderately stenosed (indirectly 
through the thrombus in the aortie lumen). Analysis of the femoral blood 
pressure data reveals three hemodynamie alterations on the markedly stenosed 
side and a normal pattern on the moderately stenosed side (Fig. 7). The three 
hemodynamic alterations are: (1) sharp reduction in the pulse pressure from 
7) mm. Hg to 30 mm. He (40 per cent reduction) due mainly to a corresponding 











1080 HAIMOVICI — 
decrease in the systolie pressure, (2) significant reduction in mean pressure of 
26 mm. He (19 per cent reduction), and (3) change in the pulse curve contour 
consisting in a rounded wave with a shallow dicrotie noteh or only in a rounded 





wave. 
ae : 
} 4 | 
Fig. 4.—Retrograde aortogram showing filling defects of the ort nd right te 
to the presence of an aortoiliac thrombus (diagra: n insert 
Pathologic Findings.—The magnesium-aluminum wire introduced into the 
terminal aorta resulted in the formation of a thrombus. In two dows, not in 
cluded in this series,.which died twenty-four and forty-eight hours after th 
insertion of the wire, no thrombus was found. In all the dogs included in this 
study, in which the duration of the experiment ranged from one week to six 
months, thrombosis was consistently found. The frequeney of location of the 
thrombus as determined by necropsy findings was: aorta, nine; aorta and right 
iliac artery, six; aorta and left illae artery, eight; right iliae artery, one; right 
femoral artery, one. The length of the thrombus ranged from 8 em. to 8.6 em., 
with the average of about 4em. The thickness of the thrombus varied from 3.0 


mm. to 6.0 mm. The lumen of the aorta was never completely occluded, the 
thrombus creating only a stenosis, while the lumen of the iliac arteries was 
completely oceluded in four instances out of fifteen. 

The nature and extent of the thrombus varied with the duration of the 


experiment. In the animals sacrificed after one to three weeks, there was a soft 
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thrombus, only partially surrounding the wire. In the animals sacrificed after 
one month and over, the wire was completely surrounded by a thrombus which 
appeared almost uniformly firm and shiny. The stenosing thrombus was only 
partially adherent to the intima of the artery, usually to the posterior wall. The 


occluding thrombus was usually completely adherent to the intima. 





Fig. 5.—jross appearance of an aortoiliac thrombus, located centrally in the aorta and occlud- 
n the left iliae artery completely. 


Microscopic Findings.-\n a cross section of the aorta containing a stenosing 
thrombus of four months’ duration (Fig. 9), the latter appeared intimately 
attached to the vessel wall by granulation tissue over approximately one-half 
to two-thirds of its cireumference. At the sites of attachment, the demareation 
between thrombus and intima was lost. Otherwise the arterial wall per se was 
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intact and within normal limits. Sections of the thrombus at the unattached 
sites showed complete endothelialization of the outer surface. This endothelium 
was presumably derived from the intimal endothelium at sites of attachment. 
Beneath the endothelium was a thick layer of cellular fibrous tissue. The central 
portion of the thrombus had undergone liquefactive degeneration and consisted 
largely of amorphous eosinophilic debris. Between the subendothelia! fibroblastic 
zone and the central zone of liquefaction was a rim of irregularly sized, rather 
large flakelike, granular masses, staining deep blue with hematoxylin, apparently 
at the site of the original magnesium-aluminum wire, of which no vestiges could 


be reeognized. 





Fig. 6.—Retrograde aortogram showing a normal outline of the aorta and a segmental occlu 
sion of the left iliac artery (diagram ir nsert) 


IH. ACUTE GRADUATED ARTERIAL STENOSIS 


From the foregoing data it appears that a stenosing thrombus induces per- 
ceptible manometrie alterations only when it results in a marked reduction of 
the arterial lumen. Since the mere presence of an intra-arterial thrombus does 
not necessarily result in noticeable hemodynamie changes, it seemed important 
to determine the degree oft stenosis which would lead to such changes In order 
to gain some insight into this problem, a series of acute graduated stenosing 


experiments was performed. 
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Method 


Four adult healthy mongrel dogs weighing from 18 to 31 pounds (average 
25 pounds) were used, All experiments were performed under intravenous 
Nembutal anesthesia. The right femoral artery and vein were isolated. A 15 
gauge cannula provided with a three-way stopeock was introduced into the artery, 
after the animal was adequately heparinized. The lower abdominal aorta was 
then isolated through a midline abdominal approach. Several control arterial 
femoral tracings were taken before and after the abdomen was entered. Grad- 
uated extraluminal stenosis of the lower abdominal aorta was then produced. 
The method used consisted in tying two silk sutures around the aorta, one just 
above the trifureation and another just below the renal arteries. The stenosing 
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Fig. 7.—Manometric effects of stenosing arterial thrombosis. Dog. No. 36: Stenosing 
thrombosis of the abdominal aorta and right iliac artery. Left femoral artery pressure curve 
is within normal limits. Right femoral pressure curve shows: (1) sharp reduction in pulse 
pressure, (2) significant reduction in mean pressure, and (3) “saw-toothed”’ contour of the 
pulse wave. Dog. No. 37 Stenosis of the abdominal aorta due to a thrombus located at 
the trifureation, involving only slightly the origin of the iliac arteries. Both right and left 
femoral artery pressure tracings are within normal limits. 


BLOOD PRESSURE, mm Hg 





of the aorta was earried out by tying the silk sutures tightly over a evlindrical 
metal tube laid upon the aorta. The tubes used had diameters of 5, 3, 2, and 1mm. 
After removal of the tube, the lumen of the aorta becomes re-established but is 
reduced in this region to an external diameter approximately equal to that of 
the tube. Arterial readings were taken at intervals of one, five, ten, and fifteen 
minutes after each stenosing step. Readings were also obtained with the aorta 
completely elamped off. Abdominal viscera were handled gently, and the ab- 
dominal eavity was closed with clamps after each manipulation of the aorta. 
Blood pressure readings with the fully opened aorta recorded at the end of the 
experiment showed no essential changes from the intial readings. 
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Results 


The effects of acute eradua! stenosis of the abdominal aorta on the intra- 
arterial pressures are shown in Table I] and Figs. 10 and 11. As it appears fron 
Fig. 10, the blood pressure curves exhibited alterations in their contour similar 


to those noted in the experiments on stenosing thrombosis. When the lumen of 





y 


Fig. 8.—Gross appearance ilia e the trifur 
cation and 2 cm. into the right iliac artery (for manomet nee n t femoral artery 
see Fig. 7, dog No. 36). 


the aorta Was decreased by 30) per cent to 60) per cent, the contour of the pulse 


eurve consisted in a rounded wave with a shallow dierotie noteh When the 


lumen was decreased by about 70 per cent, the pulse curve contour consisted onl) 
of a rounded wave. Further decrease in the lumen resulted in a flat line. 
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Table I] and Fig. 11 summarize the relationship between the degree of the 
stenosis and the resulting blood pressure reductions. Analysis of these data leads 
to the following conclusions: (1) a decrease in the external diameter of about 
30 per cent eaused insignificant changes: (2) a decrease in diameter of about 
60 per cent caused a significant reduetion in the pulse pressure only; (3) a 
decrease in diameter of about 70 per cent caused marked reduction in the pulse 
pressure (S4 per cent) and a significant reduction in the mean pressure (29.5 
per cent); and (4) a decrease in diameter of about 90 per cent resulted in the 
disappearance of the pulse pressure and a sharp reduction (70 per cent) in the 


mean pressure. 





Fig. 9. Photomicrograph showing cross section of an aortic segment and a four-month-old 
thrombus induced by a magnesium-aluminum wire. 


Similar results were reported by others* in a study correlating blood flow 


changes with the decrease of the lumen of the carotid artery in the dog. 


DISCUSSION 


The present investigation indicates that arterial stenosis may remain asymp- 
tomatic or induce only minimal clinical, angiographic, and manometrie changes, 
unless the narrowing of the lumen is quite significant. 
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In the cases of aortie stenosis due to a centrally located thrombus attached 
to the trifureation, the various findings appeared within normal limits, exeept 
for a slightly dense shadow in the aortogram suggesting the presence of the 
thrombus. The reason for the minimal hemodynamic alterations can be ascribed 
to the fact that the aortic thrombus involved the origin of the iliac arteries only 
partially. 
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Fig. 10.—Manometric effects of acute 2 lal steme 
rter femoral | 
In the eases of aortoiliae stenosis due to a laterally loeated thrombus, in 
volving more the iliae artery than the aorta, sey significant changes wert 
noted. While the angiogram showed typical filling defects of the arterial out 
line, the pathologic findings revealed the stenosis to be mueh mor ronouneed 
than the angiogram would indicate. The arterial pressure tracing exhibited 
three hemodynamie alterations which deserve particular emphasis 1) sharp 
reduction in the pulse pressure; (2) less marked, although significant, reduetion 
in the mean pressure, and (3 change in the pulse eurve contour, consisting ol 
a rounded wave with a shallow dicrotie notch simply in a rounded wave. 


The latter alteration appears to he characteristic of marked arterial stenosis and 


may possibly bear a diagnostic significance. 


toothed’? contour, resembles that seen in patients with coarctation « 


This pulse curve, having a *‘saw- 


‘ eft. 
the aorta. 


The underlying mechanism of this alteration could be aseribed to the reduetion 


in the svstolie pressure as a result of the decrease in the arterial lumen 
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While this altered tracing appears to be characteristic of marked arterial 
stenosis, it is conceivable that in some eases of short segmental arterial occlusion 
with a well-developed collateral circulation, similar tracings may be obtained. 
In such eases, an angiogram may be helpful in differentiating the two conditions. 


Lumen, Diameter in mm 
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Fig. 11.-—-Relation between the degree of acute gradual arterial stenosis and the blood 
pressure reductions. Note the existence of a critical stenosing zone around the level of 70 
per cent reduction of the lumen 

The experiments on chronic arterial thrombosis have clearly shown that the 
degree of stenosis, as demonstrated by anatomic findings, appeared much more 
pronounced than the angiographie and manometrie data might have led to an- 
ticipate. Similarly, the acute graduated stenosing experiments have shown that 
the degree of arterial stenosis is quite marked before a significant fall in blood 
pressure occurs and consequently before volume flow is seriously impaired. — In- 
deed, a reduction of the lumen up to 60 per cent induced only insignifieant blood 
pressure changes. Reduction of the lumen between 60 per cent and 70 per cent 
induced a signifieant fall in the systolic and pulse pressures. After a 70 per cent 
reduction, the fall in blood pressure was quite sharp. It appears therefore 
that a critical stenosing zone exists when the diameter of the artery is decreased 
by about 70 per cent. Beyond this degree of stenosis, further decrease of the 
lumen caused sharp reduction in the mean pressure, thereby creating a hemo- 
dynamie state leading to a severe degree of arterial insufficiency. 

It is conceivable that a similar mechanism exists in arterial stenosis in man. 
The previously discussed experimental findings suggest that the preocelusive 
stage of arterial disease may exist for long periods, with marked stenosis of the 
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vessels, without any detectable reduction in arteria! pulsations until a critical 
stenosing zone is reached. At this pot, clinieal manifestations ma 
apparent. 


hecome 


TABLE II. Errect or ACUTE GRADUAL STENOSIS OF THE ABDOMINAL AORTA INTRA 
ARTERIAL FEMORAL PRESSURES 
PERCENTAGE OF LUMEN REDU¢ 
«9.0 57.0 71.0 S6.! 100 
ARTERIAL PRESSURES 5 MM.)¢ 3 MM. 2 MM. (1 My 0 MM. 
a Ss Systolic 6.8 17.0 {» | Loo Loo 
» = Diastolic 0.1 7.3 2 7 roo wo 
5 ~ Mean 5.4 a0 PQ 5 Ho 78.5 
Z ft Pulse pressure 18.0 10.0 S4.0 Loo 100 
*The average initial pressures were systolic, 147 ! tolic, 97 meat l pulse 
pressure, 50, 
TThe average initial external diameter of the aorta 
(The figures in parentheses give the reduced diamete 
Application of the present experimental findines to the stud ( arterial 
disease in man may shed some light on the diagnosis of arterial stenosis.  Detee 
tion of such lesions, before they reach the state of occlusion, may prove of value 
from a therapeutie standpoint, especially in cases of segmental stenosis.  Suel 


an investigation is now in progress 


SUMMARY 


1. Methods for producing chronic stenosing arterial thrombosis and acute 
graduated aortic stenosis in the dow are described 

2. The elinical, angiographic, manometric, and pathologie data are pre 
sented. 

3. Stenosing thrombosis of the abdominal aorta, with the throm! centrally 
located, offers no remarkable changes, except for a shehtls dlenst hadow in 
the aortogram suggesting the presence of the thrombus 

4. Stenosing thrombosis of the aorta and one iliae artery, with rked nar 
rowing of the latter, results in reduced pulsations, filling defects in the outline 
of the thrombosed vessels, and significant manometric alterations, with a charae 


teristic pulse curve tracing consisting of a “‘saw-toothed’* contou 

>. The degree of stenosis induced by the thrombus is always more pro 
nounced than the clinical, angiographic, and manometric findings indicat 

6. Graduated acute arterial stenosis demonstrates that a reduction of the 
arterial lumen of about 60 per cent to 70 per cent is necessary before significant 
reduction in the arterial pressure occurs. This degree of arterial stenosis ap 
pears to be the critical stenosing zone, beyond which further narrowing of the 
lumen results in sharp blood pressure reductions. 

7. Application of these findings to the study of arterial stenosis in man 


is discussed. 
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and the involved thigh measured 4.5 em. wider in circumference than the oppos 





A diagnosis of acute superficial thrombophlebitis was made. Temperature was 101,6° F. 
pulse 96, white blood count 14,600, erythrocyte sedimentation rate S4, ble time 
minutes, coagulation time 2.5 minutes, prothrombin time 14 seconds, five-minute anti 
thrombin time 26 seconds, prothrombin inhibitor time 31 seconds (control 30. se ds). to 
tal protein 6.7, albumin 4.1, globulin 2.6, Coombs’ test negative 
- : 
< tr aie a x 
a 
Fig. 1A Patient M. T eute thrombophlebit 
The patient was placed on intramuscular trypsin at losave of 2.5 : p C0, 
every six hours. He stated that there was considerably less pain five hours after the first 
injection. After the fourth injection, twenty-four hours later, the temperature and pulse 
were normal, white blood count was S400 ervthroevte sedimentation rate j4, the prey lously 
cherry red skin was distinetly pinkish, the thigh clreumference now measure nilv 1.5 em. 


more than the uninvolved thigh, and there was improved mobility. 
On the fourth treatment day there were no longer any signs or sympt s of acute 


inflammation, and the cordlike mass in the oceluded venous segment was definitely smaller. 


The diminution in size of the thrombus probably represented decreased fluid content rather 
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than lytic changes at this early phase of treatment. The patient became ambulatory on 
the fourth day, and was discharged to the clinie. Follow-up therapy consisted of 0.5 ¢.e. 
of trypsin intramuscularly, three times weekly for five weeks, at which time the thrombus 


was just barely palpable. At this time the patient was discharged. (Fig. 1.) 





Fig. 1B Patient M. T., after forty-eight hours on intramuscular trypsin. 


Cask 2. -D. D., an elderly white watchmaker, aged 79, was admitted to the hospital 
for treatment of acute congestive heart failure. He responded well to digitalis, mercurials, 
and oxygen therapy. Two weeks later, while still on complete bed rest, he complained 
of slight soreness in the right calf region, plus the development of rather severe lower 
left chest pain. Examination of the right calf revealed deep tenderness and exquisite 
infratibial tenderness; Homans’ sign was positive; no redness or heat was evident. 
Only slight edema was present. X-ray film of the chest revealed a dense shadow in the 
left lower lobe consistent with recent pulmonary embolism, A diagnosis of acute deep 
thrombophlebitis and early pulmonary embolism was made. The temperature was 103,2° 
F., pulse S4, white blood count 14,800, eryvthroeyte sedimentation rate 62, red blood count 
1.1, hemoglobin 12.6, urinalysis 1+ albumin and occasional casts, prothrombin time 14 sec- 











Fig. 2A. Patient D. D., pulmonary embolism, left) lower lobe Acute, deep tl rriboay ebit 





Fig. 2B8.--Patient D. D., after seventy-two hours on trypsin. 
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onds, antithrombin time 25 seconds, prothrombin inhibitor time 323 seconds, total protein 


6.9. albumin 4.1, globulin 2.8, Wassermann test negative, Coombs’ test negative. 

The patient was immediately placed on intramuscular trypsin in a dosage of 2.5 mg. 
(0.5 ¢.ec.) every four hours. Calf tenderness subsided in twenty-four hours; temperature 
dropped to normal in thirty hours; Ilomans’ sign became negative on the third treatment 
dav: chest radiography on the third treatment day showed considerable resolution of the 
previous consolidation, White blood count was 7,800 and erythrocyte sedimentation rate 
18 on the third treatment day. Dy the fifth day the enzyme was administered only twice 


daily, and the patient became ambulatory on the sixth treatment day. (Fig. 2.) 
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Fig. 3A Patient L. N., diabetic cellulitis, before trypsin. 


Case $.—L. N., a 56-year-old white woman, had been known to be diabetie for ten 
years and was satisfactorily maintained on a diet consisting of carbohydrate 150 Gm., 
protein 60 Gm., fat 75 Gm., with 15 units of insulin onee a day. She had complained of 
intermittent claudication, coldness of the feet, and paresthesias which had become progres- 
sively worse. Ten days prior to admission the patient stepped on a nail and developed an 


acute cellulitis involving the entire middle third of the plantar aspect of the right foot. 


In addition to an area of intense redness, heat, and considerable brawny edema of the 
plantar surface of the left foot, other pertinent findings were: absent dorsalis pedis, pos- 
terior pedis, posterior tibial, or popliteal artery pulsation in either leg, The oseillometric 


readings were as follows: 
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Right Left 


Below knee li, 1; 

Above ankle ly ly 

Across foot () () 

Radiographic studies showed the presence of calcified vessels. The 
were peripheral arteriosclerosis and acute diabetie cellulitis. The tempera 
F., white blood count 18,500, ervthrocvte sedimentation rate 59, Wasserm: 

tive, blood sugar 190, 

ery t 


was placed on 0.5 ¢.c. trypsin intramuscularly ey 
this regime, the previ ares t 


The patient 
the end of the first twenty-four hours o1 





much lighter; there was less edema and lo« al tenderness, ten pe ! is 
cyte sedimentation rate 30. At the end of the third dav the involved planta 
very light pink color, and there was practically no lo tenderness ‘ 
blood count, and erythrocyte sedimentation rate were norma reatme! 
for three more days, at which time the patient was discharge from the =| 
j 
- 
4 
Fig. 3B Patient L. N., diabetic cellulit t ‘ ntyv-t tr 
CASE 4. H. B, Was i HS-vent Ole ‘tl m1 Oo Ty ete 
In his past history he had sviptonr s of ntermittent elaud tion and an 
effort, plus nocturnal claudication and paresthesias of the er Abou 
before he received trypsin therapy, an interdigital infectio red be 
fourth and fifth toes, This followed an epidermopliytotic Nssu Vine 
ondarily infected. The infection spread rapidly into the deeper struetu 
and the fourth toe became gangrenous. He was admitted to a hospita 
intectior uld not Ie 


advised to have mid-thigh amputation since the 


control. 





ide 
()? 
ega 
\t 
( LTthe 
) 
Vhite 
Le) 
t 
‘ ears 
1 
p ris O 
ntl 
I 
‘ _ 
‘ sé 




















INTRAMUSCULAR TRYPSIN-IN-OIL 1097 


Volume 36 
Number 6 


On admission to our hospital we found diabetes mellitus, arteriosclerosis obliterans, 
generalized arteriosclerosis, gangrene of the fourth right toe, and cellulitis of the dorsum 
of the foot. Pulsation of major vessels below the ankle could not be obtained. His 


oscillometric readings were: 


Right Left 
Below knee } 4 
Above ankle ii, 4, 


Treatment consisted of 0.5 ec, trypsin-in-oil (2.5 mg. trypsin) every four hours. 
After only forty-eight hours there was remarkable improvement in the inflammatory 
component of the illness. At the end of the fourth day of treatment all signs of activity 
had subsided. Treatment was terminated on the tenth day. Three weeks after institution 
of trypsin therapy, the gangrenous toe separated spontaneously, leaving a healthy, granulating 


hase, 


Cask 5 (Pig. 4).—-W. B., « 73-year-old white woman, was treated at Jewish Memorial 
Hospital for arteriosclerotic heart disease, auricular fibrillation, and acute congestive heart 
She responded well to digitalis, mereurials, salt restriction, and bed rest, except for 


failure. 
: On the eighth treatment day a superficial ulcer 


the persistence of 2+ leg and ankle edema. 
appeared on the posterior aspect of the lower third of the right leg. Two days later the 
increased in size and now contained grayish, purulent material. Penicillin, 
Three days later the ulcer, which had continued to 


uleer had 
300,000 units twiee dailv, was begun. 
extend, almost completely encircled the leg.  Varidase jelly was applied on the 
hospital day it was evident that none of the thera- 


tenth hospital day. On the twelftl 
All medication was terminated 


peutic agents was effectively controlling the situation. 
to cardiac regulation and a course of intramuseular trypsin 


except those pertaining 
four hours. Forty-eight hours 


was begun in a dose schedule of 0.5 ¢.e. (2.5 mg.) every 


iater a profound change had occurred (Fig. 4, B) in that the entire uleer bed was dry and 
r tiypsin therapy was maintained uninterruptedly and the 
Three weeks later treatment was termi- 


When seen in the Peripheral 


totally enerusted.  Intramuseuls 
uleer showed daily indication of progressive healing. 
nated since the uleer had practically completely healed. 


Vascular Disease Clinie four months later, there was no evidence of recurrence, 


DISCUSSION 

In acute thrombophlebitis, a self-limited disease, it is extremely difficult 

to evaluate therapeutic effects of any medication. In this study an objective 
appraisal was attempted, by comparing intramuscular trypsin with anticoagu- 
lants. Quicker subsidence of the inflammatory reaction, earlier ambulation, 
lower incidence of peripheral emboli, and negligible side effects characterize 
the trypsin-treated group. Pain, in the trypsin group, subsided in two to ten 
hours, whereas this symptom required three to five days for relief in the anti- 
coagulant group. Fever lasted twenty-four to thirty-six hours in trypsin- 
treated patients; patients treated with anticoagulants had elevated tempera- 
tures for five to seven days. The incidence of pulmonary emboli in patients 
with deep thrombophlebitis treated with intramuscular trypsin was 1.2. per 
cent; there was a 13 per cent incidence in the anticoagulant-treated group. 
Only one patient died in the trypsin group. This patient was postgastrectomy 
and was considered in the terminal phase of malignaney at the time of insti- 
tuting treatment. There were four deaths in the deep thrombophlebitis group 
treated with anticoagulants, and one in the superficial group. Postphlebitic 
syndrome occurred in only 1 per cent of patients with deep thrombophlebitis 
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treated with intramuscular trypsin; in the anticoagulant group the incidence 
was 3 per cent with superficial thrombophlebitis and 15 per cent with deep. Side 
effects were negligible, and specific costly laboratory procedures were wUnneces. 


sary in the trypsin group. Frequent prothrombin and coagulation time de. 





Fig. 4. 1, Patient W. B., ischemic leg cer, before trypsir 
RB. Patient W. B., after fifteen day on trypsin 


termination were prerequisites in the anticoagulant group; there were two 


anti 


deaths, verified by autopsy, directly due to hemorrhagic complications o 


coagulant therapy. (Table I.) 
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TABLE I. ANTICOAGULANTS COMPARED WITH TRYPSIN IN THROMBOPHLEBITIS 


SUPERFICIAL DEEP THROMBO- 


THROMBOPHLEBITIS PHLEBITIS 
~~ Duration of fever 

IM trypsin 24-36 hr. 24-36 hr. 

Anticoagulants 5-7 days 3-4 days 
Incidence of emboli 

IM trypsin 0) 1.2% 

Anticoagulants 2% 13% 
Postphlebitie syndrome 

IM trypsin 0 About 1% 

Anticoagulants 0/, 15% 
Mortality 

IM trypsin 0) he 

Anticoagulants ] 4 
Duration of bed rest 

IM trypsin 15 days 4-5 days 

Anticoagulants 0-10 days 10-14 days 
Total hospitalization 

IM trypsin 7S days 7-8 days 

Anticongulants 16-20 days 17-21 days 
Relief of pain 

IM trypsin 2-10 hr. 2-24 hr. 

Anticoagulants 35 days 3-5 6davs 
Loss of time prior to 

return to work 

IM trypsin % days 12 days 

Anticoagulants 3-6 wk. 3-6 wk, 
Side effects 

IM trypsin Negligible Negligiblet 

Anticoagulants Bleeding in 2% Bleeding in 2% 
Death due to therapy 

IM trypsin ) 0 

Anticoagulants | 1} 


*One patient died of pulmonary embolism following gastrectomy for adenocarcinoma with 
extensive metastuses. 


*Pain and induration at injection site 5 to 15 per cent. Less than 1 per cent nausea and 
vomiting. 


ITwo deaths, proved at autopsy > one due to hemorrhagic pericarditis: one due to massive 
renal hemorrhace. 


On the basis of this conmparetive study, it is apparent that intramuseular 
trypsin is a safer, more effective, and more econouical therapeutie agent than 
anticoagulants in acute superficial or deep thrombophlebitis. 

Critical appraisal of therapeutic agents in patients with ischemic, purulent 
leg uleers and diabetic cellulitis is difficult owing to variable factors such as 
nutritional status, extent of vascular involvement, duration and extent of the 
involved area, degree of gangrenous change, and the presence of associated 
disease. In most instanees, prompt subsidence of the signs and symptoms of 
acute inflammation followed institution of intramuscular trypsin. therapy. 
Once again, as in trypsin-induced subsidence of inflammation in other entities, 
a distinct “chronology of subsidence” was observed in the following sequenee : 
pain, edema, redness, limitation of motion. Exudates thinned, then dried 
and became encrusted. Riehly granulating tissue appeared when crusts fell 
off. 

It is important to point out that in treating patients with diabetie celluli- 
tis with gangrene or impending gangrene, and also patients with leg uleers, 
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the frequency of trypsin injection is a critical factor. We recomme one in- 
jection at least every eight hours, and preferably every six hours ing the 
first three or four days of treatment. 
A suggested mechanism for the reversal of acute inflammatio ollowing 
intramuseular trypsin has been presented, It is postulated that fil holvsis 


of intracapillary thrombi in ischemic areas (acutely injured tissue, acute 


necrotizing inflammation) establishes biologic continuity with healthy contign 





OUS tissue. Restoration ot blood How provides the lmmunolowle etabolie 
and phagocytic milieu essential for correction of such loeal inflan v «le 
rangements as intracellular anoxia, anaerobie glycolysis, lactic acid accumu 
lation, local tissue acidosis, and bacterial multiplication. In addition, lysis ot 
intralymphatie fibrin provides channels for drainage of eneapsulated fluid 
The end result is prompt subsidence of the signs and symptoms ¢ eute In 
flammation following intramuscular trypsin therapy 
SU MAARY 
I. An intramuseular trypsin-in-oil preparation (Parenzyvine clininis 
tered to ninety patients with acute thrombophlebitis, diabetic Is, and 
indolent leg ulcer. 
2. In this study, striking reduction and reversal of acute lat 
Was a consistent finding. 
5. Compared with anticoagulant treatment of thrombopht Ss, int 
museular trypsin iS suter, hore effective. and more econol Vit 
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REPLANTATION AND TRANSPLANTATION OF PULMONARY 
TISSUE IN) DOGS 
KY. A. TivuGues, M.D., J. TL. Keane, M.D., Axp J. R. Fox, M.D., 
Memepuis, TENN. 


(From the Thoracic Surgery Section, Surgical Service, Veterans Administration Medical 


Teaching Group Hospital, Memphis) 


T IS the purpose of this paper to report the results of a series of experiments 
| on dogs related to the problem of transplantation of pulmonary tissue. The 
operations were performed using Nembutal sodium anesthesia with intermit- 
tent positive pressure through an endotracheal tube from either the Thomas 
machine or the Burns valve. An intercostal incision was used. <Antibioties 
were administered postoperatively. The blood was not typed and. trans- 
fusions were not given. As far as possible, large, voung, healthy, vigorous 
dogs were used. 

Preliminary Exvperiments.-The experiments were begun with the op- 
erations as shown in Table |.) These nineteen procedures showed that (1) the 
left lower lobe remained viable if either the pulmonary artery or the bronchial 
artery was patent and (2) ligation of both pulmonary and bronchial arteries 
eaused gangrene of the lobe. 

Preliminary Anastomoses.—Satistactory artery anastomoses (Table ID) 
were obtained (1) when the arteries were adequate in size, (2) following per- 
fection of manual dexterity in making the anastomosis, (3) when there was 
minimal contamination from the open bronchus, (4) when the arterial anas- 
tomosis was protected from the bronehial anastomosis by pleura or by an- 
atomic separation obtained by removing the left upper lobe and placing the 
arterial anastomosis near the bifurcation of the main pulmonary artery, and 
(9) when there was adequate postoperative antibiotie coverage. 

Vein anastomosis was unsatisfactory (Table T1).  Auricular anastomoses 
were more often followed by a patent lumen. Seven of eight vein anastomoses 
became obstructed, but only one of four auricular operations closed.  Tow- 
ever, with a meticulous everting technique, the auricular anastomotie lumen 
for transmission of the blood from the pulmonary vein remained perfectly 
adequate in size with a smooth endocardium in only one of four dogs (Fig. 1). 
Anastomoses that were initially large in diameter resulted in the most satis- 
factory lumen after healing had occurred. With homologous transplantation, 
the euff of auricle from the donor dog made a large-diameter anastomosis 
easily obtainable. Apparently, factors in the prevention of thrombus forma- 
tion were a large-sized anastomosis, meticulous eversion, antibioties, and, 
possibly, large doses of heparin. 

Satisfactory results followed anastomosis of the bronehus (Table I1) if 
(1) the size of the bronchus was adequate, (2) either the pulmonary or bron- 
chial arteries were patent, and (3) a meticulous everting technique was used. 
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The results were further improved if (1) contamination was minimal, (2) there 


Was antibiotic coverage, and (23) a pleural flap was used 


TABLE I. PRELIMINARY EXPERIMENTAL Dog LUNG OPERA 
ANATOMIC UNIT COMPLICATIONS 
LIGATED OR EXCISED NO, rECHNICAI OTHER COMM 

Pulmonary artery 5 | 0) Normal lung vher 

serine: 

Bronchial vessels, nerves, 10 l ( Normal lung no 
and pleura of left lower ronchial 
lobe hilus 

Pulmonary and bronchial | () j Gangrene of er lobe 
arteries of left lower lobe 

IEempyvema, 
TABLE IT. PRELIMINARY ANASTOMOSIS EXPERIM UNC 1) 
COMI CATIONS 
UNITS ANASTOMOSED NO, rECHNICAI ‘ i} 

Artery or vein, or artery 17 } Veins \ 
ind vein () ‘ S 

Auricle 7 ” ] 7 ‘ 

] 

Artery and bronchus (vein Ds) 12+ , ese 
intact, Fig. 2 *Simu s 
lated autogenous reim 
plantation *’ 

*Vessels too small, anastomosis cl 
Tension pme umothorax hemorrhawe empyema brome 
A simulated, autogenous reimplantation was obtained when the bronehia 
, ks ‘: 9 
artery and all structures, except the left lower lobe vein, were divided (Fig. 2 


followed by anastomoses of the arters and bronehus This operation was em 


ployed in twenty-two dogs (Table I]). Technical errors of anastomosis re- 
sulted in early hemorrhage, tension pneumothorax, or empyema, causing 
twelve deaths. The ‘lungs were normal in the ten dogs that survived. In 
these dogs, there was no indication that the loss of the bronchial blood supply 


would cause necrosis of the bronchus. There was abundant evidence that an 
intact pulmonary artery is adequate for the left lower lobe. Our experiments 
have not adequately tested the cranial area in regard to sloughing from 
bronchial artery ligation. 

Autogenous Reimplantation of the Left Lower Lobe of the Dog—Reim- 
plantation of the left lower lobe was performed on seven dogs (Table III 
To obtain a large-sized artery and bronchus for anastomosis, the left upper 
and middle lobes were first removed. The anastomosis of the left pulmonary 
bronchus was made just above its bifureation. The pulmonary artery was 


divided and anastomosed near its bifureation. The vein was anastomosed 
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near the auricle. The lobe of the one surviving doe was contracted, atelectatic, 
and bronchiectatic. The sites of the vein and bronchial anastomosis were 
stenosed. 

A similar operation was performed on four dogs, anastomosing the auricle 
instead of the vein, All four animals survived, The sites of anastomosis in 
one of the animals are shown in Fig. 3. A bronchospirometry tracing of dog 
No. SI showed function of the replanted left lower lobe (Fig. 4). The micro- 


scopic appearance of the lung tissue was essentially normal. 





Fig. 1.—Site of auricular anastomosis howing normal size and complete endothelialization. 


Pulmonary Homologous Transplantation in Dogs.—Karly attempts at 
transplantation in our hands were followed by death from tension pneumo- 
thorax or hemorrhage after four to five days (Table IV). After development 
of the auricular anastomosis and demonstration of survival in four consecu- 
tive animals with autogenous reimplantation, further transplantation opera- 
tions were performed, 

Heparin solution was injected into the artery of the lobe to be trans- 


planted as soon as it was removed from the donor dog. The artery was anas- 
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tomosed first, the clamp removed from the vein, and a small amount of blood 
allowed to flow. Additional heparin was flushed on the site of the auricular 
anastomosis as it was accomplished. Performance of artery and aurieula 
anastomosis established early movement of blood at these sites. Less cop. 


tamination was present when the bronchial anastomosis was performed last 


TABLE III. PULMONARY AUTOGENOUS REIMPLANTATION IN) Dog 


COMPLICA 
TIONS 
rECH 
OPERATION NO. | NICAL| OTHER] SURVIVA ce 
Left lower lobe (other lobes 7 6 ft) $-? 1 davs Joy snerifice t 21 days, vei 
removed): vein anas losed, bro bstruet 
TOMOSIS ronchiect 
Left lower lobe other lobes } () 0 ft snecrificed One auricl 
removed): auricular 1-6 mo. normal tur yy 
anastomosis mistructe penings, Tul 
vy | I lt 
i irs i t 
Two pneumothorax, thirty and ninety hours: one gar ! ! 
nine iavs ome empvema seventeen lay ome Seporited ‘ r 
TABLE IV PULMONARY HoMoLOGOoUS TRANS on 1) 
“I {VI \ 
PART TRANSPLANTED NO. DAYS | DOGS COMPLICATIO 
Lut ft lowe! lobe 7 } } Pneumothorax } L¢ il ‘ ! peri 
pulmonary artery Hemorrhage vy 
and bronchus anas Gangrene ” “4 LISe 4 or 
tomosed: other inves ff? ! ene, 
lobes removed pneun 
rhay 
Order of anastomosis: 7 ] Thrombus in auri Incompat tv of tissue ay 
Artery 10 ] ular appendage 2 peared t the majo 
Auricle 34 ] stacle t: ing ful 
Bronchus tioning pulmonary tissu 
sur il . a 
| ilmo \ 
SS ll¢ ernt iy 
ira, t 
Lung 3 } l Pneumothorax \eute tissue incompatibility 
D l Hlemorrhage reaction wn in Fig 
7 ] 4 
The bronchial anastomosis was carried out with an everting suture that 
facilitated reinforcement and approximation of the pleura. Of three an- 


imals thus operated on, the first survived ten days with clear lung fields on the 
roentgenogram for five days. Thrombi in the vein and artery were associated 
with gangrene of the lobe. The next dog survived only seven days althougl 
heparin was started on the fourth day. (‘ongestion of the lune started on the 
second day, possibly indicating a greater tissue incompatibility. The third 
dog was given 200 to 400 units of heparin daily from the day of operation. 
This did not prevent the congestion of the transplanted lung on the third day. 
Large doses of heparin were given for three wecks and then discontinued be- 
cause of bleeding from the site of administration of intravenous fluid. The 
bronchus was completely obstructed at the anastomotic site on the twenty- 


eighth day, and death from pneumonia occurred on the thirty-fourth day. 
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The transplanted lobe was contracted and hard. It was attached to the 
chest wall by vascular adhesions over an area measuring 9 by 9 em. There 
was stenosis at the sites of all anastomoses, The pulmonary architecture 
was preserved in some areas while in others there remained only a_ho- 
mogenous, amorphous mass. The acute incompatibility reaction that occurred 
seven days following transplantation of a lung is shown in Fig. 5. 


STRIP ALL NERVE ETC. 





LEAVE ONLY VEIN WALL INTACT 


RESULTS: EXCELLENT 


Fig, 2.—Procedure performed as a simulated reimplantation, Only the vein is left intact. 


COMMENT 


The pathologic findings after homologous transplantation in these an- 
imals were similar to those deseribed by Davis and associates,' Staudacher and 
co-workers,? Hardin and associates, and Neptune and co-workers. ° Within 
twenty-four to 100 hours, alveolar edema oceurred followed by the appear- 
ance of polymorphonuclear cells in the vessels and the alveoli. With severe 
incompatibility, necrosis or gangrene of the lung was associated with throm- 
bosis of the vessels, and death usually oceurred by the sixth postoperative day. 
The frequent success of autogenous reimplantation and the universally unsat- 
isfactory result of transplantation seem to indicate that tissue incompatibility 
is the basic deterrent to the successful transplantation of lobes or lungs in 
dogs. 

Neptune, Weller, and Bailey® found that the use of 20 mg. per day of 
ACTH increased the survival time to an average of twenty-five days in four 
dogs compared to the survival period of six days in other animals. One of 











1106 HUGHES, KEHNE, AND FOX Sadia 
er, 193 





“g 
¥: 
*e, 
om 
Fig. 3. Nuricular arterial and brone! t toonrietic te fr f mnt 
after autocenou rein ntation of thre eft t 
ie 
rs S % LITERS ©, TIME IN 





rhtt rhtt 
cPrrert treat t 
ro 4 ' iH} 
Fig. 4.—Bronchospirometry tracing with Carlens catheter for eacl fay vith ence 
tracheal tube for both sides. The left lower lobe bronchial anastomosi Wil near the bifure 


tion, permitting differential spirometry) 














7 NTC te Bn 








REPLANTATION, TRANSPLANTATION GF PULMONARY TISSUE = 1107 


Volume 36 


Number 6 


their animals survived forty-two days, and because bronchial obstruction was 
present, the lung was removed for pathologie study, The usual pathologie 
changes were noted. 

Hardin, Kittle, and Sehafer’ found that 25 to 40 mg. of cortisone only 
slightly prolonged survival and prevented pleural adhesions, but did not in- 
hibit healing. These workers also found that the use of 800 to 1,600 units of 
US.P. heparin sodium was followed by a fatal hemorrhage. Thrombosis was 
not present although heparin was not administered. The longest survival in 
their dogs occurred in littermates and the shortest survival was after generai 
body irradiation, Tlardin and Wittle proved unequivocally the immediate 
functional ability of the homologous left lung transplant by the performance 
of right pneumonectomy without delay on five dogs. One of the animals sur- 


vived six days and another nine days following operation, 





Fig. 5.—Lungs of a dog seven days after transplantation of the left lung. Acute swelling and 
early gangrene from incompatibility are shown. 


The available evidence shows the technical feasibility in dogs of trans- 
Plantation of pulmonary tissue. Teehnieally, human lung transplantation is 
probably feasible. The major problem at present is tissue incompatibility. 
Possibly an exposed transplanted lung, as described by Potts and associates,* 


might make transplanted tissue accessible for repeated study and observation 
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of the effeet of various drugs. Sinee, as Hardin and co-workers’ stated, thy 
clinical application of transplantation defies limitation, this is a problem de. 
serving of extended effort. (ae 

Mg, 


SUMMARY 


Pulmonary transplantation and reimplantation are technically feasible 


in dogs. Reimplanted and transplanted lungs have been shown to funetio 
nN 


Tissue incompatibility causes the loss of lung function and usually early death 


after transplantation. 


Because of the potential extensive clinical application of suecessful trans 
plantation, a solution to the problem of tissue incompatibility is urgently 


needed. 
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THE FATE OF HOMOLOGOUS LUNG TRANSPLANTS IN| DOGS 


Kipon KE. Kuuts, M.D..* anp Vicror Ricuarps, M.D.. 
SAN FRANCISCO, CALIF. 


(From the Department of Surgery, Stanford University School of Medicine) 


HE potential use of clinical transplantation of organs or parts thereof 
jie one organism to its homologue has intrigued the surgeon for many 
years. Hlowever, the success of this venture has been uniformly poor.  Pos- 
sible exceptions include blood vessel and bone grafts and rare instances of 
successful homologous skin grafts in identical twins. Until recently, most of 
the work in this field has been with partial organ transplants, and their sue- 
cess is someWhat dependent upon the formation of new vascular channels from 
host to donor tissue for nourishment and growth. In recent years, attention 
has been focused on transplanting intaet organs by means of direct anastomo- 
sis of the arterial supply, venous return, and other structures vital to the fune- 
tion of the organ involved. 

The present investigation was undertaken to study the fate of homologous 
transplants in dogs. Several considerations led us to use the lung as a trans- 
plant unit. Ellis, Grindlay, and Edwards! found that a lung deprived of its 
bronchial arterial supply could survive, presumably deriving its oxygenation 
and nourishment from the pulmonary circulation alone. This was later cor- 
roborated by Juvenelle and co-workers? in the successful autogenous reim- 
plantation of lunes in dogs. Their work added incentive to our investigation 
from a technical point of view, since the bronchial arteries would of necessity 
he sacrificed in such a transplanting procedure. Furthermore, the lung was 
used as a transplanting unit because it would provide a means of study of its 
function by roentgenographie examination, arterial oxygen saturation, and dif- 
ferential gaseous exchange between the normal and transplanted lungs in the 
same animal. Tlowever, because of the prolonged nature of such a study, the 
aforementioned results are not included in this report. Further investigation 
of such funetion tests is being carried on by us at the present time. 

At the time we began our study, two other such series had been reported 
in the literature by Davis and associates® and Staudacher and co-workers.‘ 
In the former series of five dogs, all but one of the animals expired during the 
first three days postoperatively, mainly beeause of an excessive use of heparin. 
In the latter series, nonsuture anastomosis technique was used, which is not 
altogether suecessful. During our investigations, Neptune, Weller, and Bailey® 
reported their results, corroborating Juvenelle’s work with autogenous reim- 
plantation of lungs in dogs as well as experiments with homologous transplants. 


Received for publication July 2, 1954. 
*Ben Swig Fellow in Surgery 
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PROCEDURE 


In each of ten mongrel dogs, weighing from 8.3 to 20 kiloe: s, a left 
pneumonectomy was performed through the bed of the fifth rib, which was 
resected. The animal was anesthetized with intravenous Nembutal. is tubated 
with an intratracheal tube, and maintained durine the procedure on a to-and. 
fro air respirator. A slow intravenous drip of 100 to 150 ec. of O.1 per cent 
procaine was administered during the operation. The left lung from a dog 
of comparable size was transplanted, anastomosing the bronehus, pulmonar 
artery, and inferior and superior pulmonary veins, in that order. All anasto- 
moses were of the continuous everting type, using OOO medium silk suture for 
the bronchus and 00000 arterial silk suture for the vascular anastomoses 
Reinforcing sutures were used when indicated, after testing the suture line 
for leaks. The animal was given 1,000 units of heparin at the time of surgery 
and 150,000 units of penicillin daily as the only postope rative medication 

Following the bronchial anastomosis, the bronchial clamp as removed 
and the lung aerated well. Following the pulmonary vein anast oses, al 
the vaseular clamps were removed, and in all cases the pulmonary vascular 
tree filled well. bright rec, oxvgenated blowl was aspirated t The pu 
monary veins by means of a syringe and needle. 

The chest was ¢losed in a routine manner, and the animal ret ed to Its 
cage for the recovery period. 

RESULTS 

The average survival time was six days, the shortest being twenty-fow 
hours and the longest fourteen days. The animals which survives ess Thal 
three days never responded well following surgery and showed ed respi 
atory embarrassment, with coughing, listlessness, and eventual hemoptysis 
Those which survived more than one week, of whieh there were f isually 
ate well, and were active for five to six davs postoperative ( raduall 
became lethargic and died quite suddenly. 

In the extended survival group, it was possible to observe good ventila 
tion by auscultation for five to six days, after which the breath sounds dimin- 
ished to the point ot absence one or two davs before cleat! ~ eoincided 
with clinical deterioration in each case. 

Giross examination of the autopsy specimens revealed certain constant 


findings. There was from 25 to 55 ¢.¢. of thin, serosanguineous fluid in the left 
thorax. Dense adhesions were observed between the pleural surface of the 
left lung and the pericardium. The bronchial suture line was airtight, as 
tested by inflating the lung with a tube in the trachea. The vascular anasto- 
moses were uniformly patent, with no evidence of thrombosis. On examina 
tion of the transplanted lung parenchyma, it was apparent that the specimens 
differed and could be divided into two groups. The first of these showed air- 
containing lung With minimal atelectasis and little evidence of i flammatory 
changes in the eut specimens, All of these were in the ecliniea) Group which 
died relatively early in the postoperative period, The second gro ip revealed 
a different picture in that the transplanted lungs were very wet, heavy, con 
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Fig. 1.—Photograph of thoraci« iscera in an extended survival animal, showing the character- 
istic findings of the transplanted lung on the left. Note the dark, solid appearance. 





Fig. 2.—Photomicrograph of a section of transplanted lung. Note the complete loss of archi- 
tecture, hemorrhage, edema and inflammatory cells. 
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tained no air, and filled the entire left chest eavity (Fig. 1). On cut section. 
these transplanted lungs appeared meaty, firm, and hemorrhagic with eross 
evidence of almost complete necrosis of lung parenchyma. These changes 


were apparent only in the ‘‘extended survival’? group previously mentioned, 


the animals having survived more than one week postoperatively 





Fig. 3. Roentgen examination of the specimen shown in Fig l Note the comparatively 


normal appearance of the major pulmonary vascular branches with lack of fillings 
peripheral branches. 

Microscopically, there was uniformity in all the specimens; the only dit 
ference was a matter of the degree of necrosis of lung parenchyma. The short 
survival animals showed early necrosis of all donor cells with early pneumonic¢ 
infiltration, chiefly polymorphonuclear leukocytes. The extended survival 


animals showed almost complete necrosis of all donor cells, complete loss of 


organ architecture, and frank abscesses scattered throughout. In many areas, 


large amounts of hyaline staining, edema fluid, and hemorrhage were seen 
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(Fig. 2). Although occasional small infarets were seen in the periphery of 
the Jung, no major vessels were found to contain thrombi. No evidence of 
bridging tissue was seen across any of the anastomotic suture lines, both 
bronchial and vascular, although they were intact in all cases. 

DISCUSSION 

Homologous transplantation of whole organ units is technically feasible, us- 
ing the lung as such a unit, as outlined in the present investigation. However, 
it is evident that the clinical success of such a procedure has not been achieved 
as vet, for reasons not well understood at the present time. 

Longmire and Smith® have reviewed much of the literature on homologous 
transplantation of tissue in general and have pointed out that it would appear 
that some form of sensitivity reaction of host to donor tissue is set up which 
eventually brings about the phagocytosis or at least destruction of the trans- 
planted tissue. 

The successful transplantation of blood vessel and bone grafts is due to 
the nature of the function of the tissue, namely, that it provides a framework 
which the host ean utilize to advantage. In the case of vascular grafts, they 
act as conduits only, and in bone grafts, as structural units for new bone for- 
mation to replace them. 

In the present study, we found that the vascular tree was apparently ade- 
quate to permit the free flow of blood through it, as evidenced by the patency 
of the vessels themselves (Fig. 3), as well as by the presence of inflammatory 
cells from the host which had invaded the substance of the lung. 

The eventual solution to the problem of homologous transplantation of 
tissue, the lung being one example, will undoubtedly be found in the labora- 
tory. Many investigations are now in progress in the fields of tissue culture, 
geneties, and immunology in an effort to supply such information. We are 


presently engaged in such a study which is beyond the scope of this paper. 


SUMMARY 

1. The procedure for experimental homologous transplantation of lungs 
in dogs in this study is presented. 

2. Ten homologous Jung transplants were performed with an average 
survival time of six days, the longest being fourteen days. 

3. The clinieal course of the dogs followed two patterns: one of short 
survival time and rapid downhill progression and the other of extended sur- 
vival time characterized by five to six days of apparent good health followed 
by rapid deterioration. 

4. The gross and microscopic appearance of the transplanted specimens 
revealed necrosis of all cells, the degree of which increased in proportion to 
the survival time. 

>. The procedure of homologous transplantation of lungs in dogs is teeh- 
nically feasible. However, the procedure is ultimately unsuccessful at the 
* which re- 


present time, presumably because of a host ‘sensitivity reaction’ 


sults in destruction of the donor tissue. 
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CLOSTRIDIAL MYOSILTIS—GAS GANGRENE 
OBSERVATIONS OF BatTLE CASUALTIES IN KOREA 


Joun M. Howarp,* Caprarx, MC, USA, anp FRANK K. [Nut,** Captain, MC, 
USA 


HE period, January, 1952, to June, 1953, was a time when the front lines 

on the eastern front in Korea were stable. Only an occasional casualty failed 
to reach the battalion aide station within a few hours following injury. The 
flow of casualties was usually light, so that most patients could receive immediate 
attention at the battalion aide station. Each patient was given a booster injee- 
tion of tetanus toxoid and penicillin, 300,000 units, as well as other resuscitative 
measures. Tle was then evacuated to the forward surgical hospital, which was 
located approximately ten miles behind the front. lines. 

During this phase of the war, the average period of evacuation from the 
time of wounding to the time of reaching an American hospital in this sector 
was only three and one-half hours. Furthermore, because of the relatively light 
flow of casualties, the preoperative time lag at the hospital was usually neg- 
ligible. Karly, definitive surgery was therefore possible. Primary débridement 
and secondary closure constituted a standard policy for the management of 
most wounds. Penicillin was used routinely during the postoperative period. 
Streptomycin and oceasionally Aureomyein were also used following viseeral per- 
forations or vascular injuries. 

Patients were held at the forward hospital from one to seven days prior to 
evacuation. Whereas evacuation from the battalion aide station had been by 
ambulanee or helicopter, evacuation from the forward hospital to the evacuation 
hospital was entirely by air. All casualties, except neurosurgical patients, were 
evacuated from the forward hospital to the evacuation hospital, located approxi- 
mately ninety miles behind the front lines. Patients were held at this secondary 
Installation until ready for prolonged trips by train or air to hospitals further 
to the south or in Japan. Severely injured men were usually held at one of 
these two hospitals for a minimal period of seven to ten days. 

During the eighteen months of this study, 4,900 battle casualties were 
observed on the general surgical service of the surgical hospital. Of the 
4.900 patients, only four were recognized as having gas gangrene, and none of 
these four patients died. Including these 4,900 patients, approximately 12,000 
casualties were seen by the staff of the evacuation hospital. None of the 
original 4,900 patients was recognized as having gas gangrene at the see- 
ondary installation, and only four of the additional 7,100 patients coming 
through the Evacuation Hospital were noted to have or to have had gas gangrene. 


Received for publication June 16, 1954. 
: *Director, Surgical Research Team in Korea of the Army Medical Service Graduate 
School, United States Army. 

**Chief of Surgery, Surgical Hospital, Eighth United States Army, Korea. 
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The latter observation is doubtlessly based on incomplete records. Excluding 
patients with posttraumati¢ renal insufficiency, because their wound surgery was 
often compromised due to their critical condition, only eight patients With gas 
gangrene or severe clostridial myositis were seen by us during eighteen months 
in Korea. None of the eight patients died of the clostridial infection. The only 
fatalities from clostridial infection seen during this period of time were one or 
more patients with coincident anuria at the Renal Insufficiency Cent Sueh 
a casualty was sometimes in too critical a condition to permit primary, or ade. 
quate secondary, débridement of massive, ischemie wounds 

All the serious clostridial infections were seen in wounds in whie ebride- 
ment had not been achieved. Most of them were secondary to inadequate 


arterial repairs, in which, although the missile tract was débrided, secondary 


vascular ocelusion led to the development of an ischemic, gangrenous limb 
Thus, a major artery was divided in six patients; an arterial tourniquet was 
left in place on the seventh patient for forty-eight hours until his condition 
improved enough to permit operation, and the eighth patient was in such a eriti- 
eal condition that the severe wounds of the extremities were not explored. In 
the last patient, interruption of the arterial continuity had doubtless occurred 
but was not proved. 

Perhaps the progress since World War | can best be appreciate hoting 
an excerpt from the report of Pettit’ of his experiences in evacuation hospitals 
during the St. Mihiel and Argonne-Meuse operations : 

‘Of 890 wounds examined bacteriologieally, 475 or 54 per cent were found 
to contain anaerobie bacilli. Of these 478 wounds, 321 or 67 per cent at no 
time showed clinical evidence of gas infection. Of the remainder (33 per cent 

3 per cent developed Vas Vanerene alter operation 29 per cent mas van 
grene ¢linically evident at the time the bacteriologic examination was mac 
Of the 4,377 patients reported by Pettit, 221 or 5.0 per cent developed gas 
gangrene. The resulting mortality from gas gangrene was 27.6 per cent. This 
may not be an entirely representative figure from World War I, for these 
4.377 battle casualties were seen between Sept. 10 and Nov. 13, 191s \ lag 
period of forty-eight hours before surgery was not infrequent 

Coupal,* recording the history of World War I, wrote: “*Ot the 224,080 
officers and men of our Army who were wounded in battle in’ France, 13,69] 
died as a result of their wounds, the total death rate therefore being 6.11 per 
cent. The wounds complicated by gas gangrene may be divided among those 


who sustained injuries of the soft parts only and those whose wounds wert 
complicated by bone fracture. Injuries to the soft parts as recorded here do 
not include those due to chemieal-wartare gases. There were, with these ex- 
ceptions, 128,265 wounds of the soft parts with 9.719 deaths: of the wounded 
in this group, 1,389 developed gas gangrene, which amounts to only a_ littl 


more than 1 per cent (1.08). The death rate among those who received wounds 


erene was 48.52 per cent, 


of the soft parts which became complicated with gas gar 
the actual number of deaths beine 674. 
** Among the 25,272 whose wounds included bone fracture there were 9 Ton 


deaths. The incidenee of gas gangrene among the bone-fracture eases was much 
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higher than among those who sustained wounds of the soft parts only, the 
total being 1,329 with 593 deaths. The incidence in this group of the wounded 
was therefore 5.26 per cent and the case mortality rate 44.62 per cent.”’ 
North,? writing from an American hospital in India during World War I, 
deseribed an incidence of clostridial myositis of 0.7 per cent in 4,600 consecutive 
casualties. The mortality in the thirty-two patients involved was 31.3 per cent. 
The 4,900 casualties at the surgieal hospital in Korea offer a reason- 
able comparison. Doubtlesslv, fewer of the less severely injured easualties by- 
passed the surgieal hospital in Korea than by-passed the evacuation hospital of 
World War I, but the comparison would otherwise appear reasonable. The 
soil in Korea, without exception, was found to contain Clostridium perfringens, 
and the incidence of wound contamination with clostridia approached that found 
in the wounds of World Wars I’ and IL.° The ineidence of only 0.08 per cent 
of clostridial myositis in Korea and the mortality of zero in this series should 
he attributed to early, adequate débridement, to suecess in the restoration of 
arterial continuity following injury, and to the early and consistent use of 
antibiotics. Antitoxins were not used. 


Tetanus was not recognized in any casualty. 


TABLE [I. CrLostripiAL Myositis (GAS GANGRENE) 


WORLD WAR 
13 WORLD WAR KOREAN 
SEPT.-NOV., 115 CONFLICTt 
1918) (INDIA ) 1952-1953 
Number of casualties wold 1.600 4,900 
Number developing clostridial myositis 221 32" 4 
Percentage developing clostridial myositis d.0% 0.7% 0.08% 


Case fatality rate 27.6% 31.3% 0 


*An additional 37 patients developed serious clostridial wound infections, making a total 
incidence of serious infection by Clostiidia perfringens of 1.5 per cent. 


*Emphasis is placed upon the fact that this study was made during the last half of the 
Korean conflict. 

Studies! made in collaboration with the Department of Bacteriology of the 
406th Medical General Laboratory of the bacterial flora of wounds at the time 
of primary débridement demonstrated that forty-one (26.6 per cent) of 154 
wounds contained clostridia whieh were pathogenic as demonstrated by guinea 


pig inoculation. Many of the wounds contained C/. perfringens, vet only one 


patient of this entire group developed gas gangrene. Many of the patients 
had a mild elevation in temperature and pulse, suggestive of a mild systemic 
reaction to wound infection. Such wounds characteristically contained a mixed 
culture until the time of secondary closure? If small areas of neerotie tissue 
were left, the local infection and svystemie reaction were more pronouneed. Cl. 
perfringens, as well as other pathogenie clostridia, were present in many of 
these wounds, and there is no reason to believe that they did not contribute 
to the toxicity of the wound. Thus many of the wound infections were, in part, 
clostridial infections. The fact that they were usually mild, well tolerated by 
the patient, and were not reeognized by the clinician as having a clostridial 
component should not obscure the underlying process. In this limited sense, 
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clostridial infections were frequent. The term is used here to denote a sub. 
elinieal clostridial infection and not the wound infection containing gas, whieh 
has been previously recognized and discussed in the literature. Although, in 
this limited sense, clostridial infections were frequent, in the usual sense of 
life endangering, they were a rarity. 


SUMMARY 


With an average evacuation time of three and one-half hours and a very 
short time lag before surgery, severe clostridial infections were rare during 
the latter half of the Korean conflict. Only four of 4,900 consecutive patients 
seen on a general surgical service at a forward surgical hospital in’ Korea wer 
recognized as having clostridial myositis, during the period 1952-1953. Non 
of the four died. 

The immediate response of an established clostridial infeetion to adequate 
surgery and to the continued use of antibioties led to the conclusion that severe 
clostridial infections were not a major problem under the existing tactical 
conditions. <All the prerequisites for life-endangering clostridi: htections 
remained, however, and would doubtlessly become manifest should the tim 


lag before surgery be again greatly extended. 


We wish to acknowledge the assistance of the member of the Depart: t te 
ology of the 406th Medical General Laboratory in Tokyo ir tir ind nt ne the 
clostridia from these infections. 
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EQUILIBRATION TIME OF DEUTERIUM OXIDE FOLLOWING 
SUBCUTANEOUS OR INTRAMUSCULAR INJECTION 


A Strupy or KOREAN BatrLe CASUALTIES 
Joun M. Tlowarp,* Capraixn, MC, USA 


(From the Surgical Research Team in Korca of the Army Medical Service Graduate School 
United States Army, in collaboration with the Division of Atomic and Radiation Physics, 


National Burcau of Standards, Washington, D.C.) 


INCE a previous report! demonstrated the limitations of gastrointestinal 
S absorption of water following injury, this study had as its objectives 
measurement of the time required for equilibration of deuterium oxide (heavy 
water) throughout the body following subeutaneous and intramuseular’ in- 
jection and comparison of the equilibration time in the normal subjeet with 
that in the battle casualty. Such observations might prove of value in 


planning methods of administration of fluids to mass casualties. 


MATERIALS AND METHODS 

The study was earried out in a forward surgical hospital on the eastern 
front in Korea in 1952-1955), 

Deuterium oxide (99.8 per cent pure) was given over a period of approxi- 
mately one minute by injection. Venous blood samples were drawn. at 
frequent intervals, and the plasma was separated and placed in sealed test 
tubes. 

The plasma was then shipped via air to the National Bureau of Standards, 
where analysis was performed as previously deseribed.' In brief, the deuterium 
content of the plasma was determined by converting the ‘free water’? to 
hydrogen over hot magnesium with subsequent spectrometric analysis of the 
isotopic hydrogens. Analysis of test mixtures of hydrogens indicated the 
Mass Spectrometer uncertainty to be of the order of 1 per cent for samples 


containing 0.3 atom per cent deuterium. 


EQUILIBRATION TIME FOLLOWING SUBCUTANEOUS INJECTION 


Normal Nubject. The equilibration curve of deuterium oxide following 
the subeutaneous injection of 50 Gm. into the lateral thigh of a normal subject 
is shown in Fig. 1.) The subject was lying quietly throughout this period. The 
curve flattens out after 120 minutes, and equilibration throughout the water 
of the entire body has probably occurred. This evidently represented, in part, 
a transfer of water (DLO) from the thigh into the circulation and thence 
throughout the body. The belief that this represented an actual transfer of 
Water rather than an exchange of water by diffusion is based on the dis- 
appearance of the mass and the resultant disappearance of the discomfort in 


Received for publication June 16, 1954. 
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the thigh. Furthermore, clinical experience has amply demonstrated that 


fluid, subcutaneously administered, will prevent thirst and maintain urinary 
output. ) 

The equilibration curve depicted in Fig. 1 is similar to the curve reported 
by Schloerb and his associates.” although the latter described ore pro- 
longed equilibration time following the administration of deuter oxide 
over a longer period of time. 

Battle Casualties—The equilibration time following subeutaneous  in- 
jection was studied in four battle casualties. Three were selected on the basis 
that they eould not, at this early time, take fluids orally hecause the nature 
of their injuries (bowel, brain, and cervieal spinal cord). The fourth patient 
had received an injury to the extremity and could have tolerat ds orally 


VENOUS PLASMA DEUTERIUM CONCENTRATION 
AFTER SUBCUTANEOUS INJECTION OF D,0 ( 50 GRAMS ) 
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Fig. 1 The equilibration curve in the normal person 
Vithin 120 minute 
PATIENT 1.—This Korean soldier was injured by s 
March 22, 1952. The fragments penetrated the lower neck and the sy 
region. When he was admitted to the hospital, by an pnee 
blood pressure was unobtainable. Pulse was barely palpable. He 
amount ot blood. His blood pressure (did not respond to the niravel 
of Neo-S\ nephrine, After a transfusion of 1.000 e.¢. of blood, he was g el taneous 
LOO Gm. of deuterium oxide into the lateral tissues of the thig His eq 


demonstrated in Fig. 2 


He died eight hours later. 


Autopsy revealed an incomplete severance of the cervical 


PATIENT 2.—This 20-year-old South Korean soldier was wounded by ell frag 
ments on Jan. 28, 1952. He was slightly hypotensive when adn 


His blood pressure, 100/70, responded to a transfusion of 500 


given a subcutaneous injection of 50 Gm. of deuterium oxide into the late f the 
thigh. The deuterium equilibration curve is demonstrated in Fig 
Subsequently, the patient was found to have a perforation of the erse 


which was exteriorized. His postoperative course was smoot! 
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PATIENT 3.—This 20-year-old) American soldier was wounded on Feb, 21, 1952, by 
artillery shell fragments. The fragments perforated the skull in four or five places and 
produced an extrusion of the cerebral cortex. He was admitted to the forward hospital 
by Marine helicopter on the same day. His blood pressure was 140/90, pulse 64, respira- 
tion 24. He was uneonscious and his pupils were dilated and fixed. He was considered in- 
operable. Three hours after admission he was given an injection of 100 Gm, of deuterium 
oxide into the lateral subcutaneous tissues of the thigh. During the subsequent period of 
observation, his pressure gradually fell to 60/50. He died shortly thereafter. 


The equilibration eurve of deuterium in the venous plasma is demonstrated in Fig. 4. 


VENOUS PLASMA DEUTERIUM CONCENTRATION 
AFTER SUBCUTANEOUS INJECTION OF D,0 ( 5SO GRAMS ) 
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Fig. 2 Patient 1 Thi patient had an incomplete severance of the cervical spinal 


cord. The venous concentration rose very rapidly, presumably as a result of redistribution 
of blood flow following spinal cord destruction. 
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MINUTES AFTER INJECTION 
Fig. 3.—Patient 2. The plasma concentration of deuterium after twenty-four hours was high, 
indicating that equilibration was incomplete at the end of two hours. 
PATIENT 4.—This 22-year-old American soldier had a perforating wound of the knee 
at 7:00 pM. Jan, 28, 1952. His blood pressure, one hour later on admission to the for- 


ward hospital, was 80/40. Following a single 500 ¢.c, transfusion, his pressure rose to 110 
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19 
mm. systolic. He was then given a subcutaneous injection of 50 Gm. of deu inte 
the lateral aspect of the unwounded thigh. The equilibration curve is depi ; 
The wound was subsequently débrided. At the time of eva iti enre 
excellent condition. 
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EQUILIBRATION TIME FOLLOWING INTRAMUSCULAR INJECTIO 
Normal Subjects—Two normal subjects were each given intramuscularly 
into the lateral thigh 100 Gm. of deuterium oxide. This was given by in 
jection within a period of one minute. During a subsequent period one to two 
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months later, the study was repeated but to the deuterium oxide was added 
150 turbidity units of hyaluronidase. The equilibration curves with the 
comparative studies are demonstrated in Figs. 6 and 7. 

Pavient 5.—This 22-year-old Turkish soldier was wounded at 4:45 P.M. May 14, 1952, 
when he stepped on a land mine. His injuries included a traumatic amputation of the right 
leg at the calf and multiple penetrating wounds of the left thigh. On arrival at the hospital 
by helicopter two hours later, his blood pressure was 90/50. He was given 500 ¢.c. of blood 


and the pressure rose to 130/90, 
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Fig. 6 equilibration has been achieved within 180 minutes in both studies. There 


is suggestive evidence of an effect of hyaluronidase but this is indefinite. Note that in the 
graph, a correction has been made for the residual deuterium from the first study. 
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: Fig. 7.— Subsequent specimens indicated equilibration after four hours. Hyaluronidase 
did not affect the equilibration time. As in Fig. 6, a correction has been made for the 
residual deuterium concentration in the second study. 


He was then given 100 Gm. of deuterium oxide by intramuscular injection into the right 
thigh. The equilibration curve is demonstrated in Fig. 8. 
The right leg was subsequently amputated at the calf. His further course was smooth. 


PATIENT 6.-—This 23-year-old American soldier was wounded at 4:45 P.M. May 16, 1952, 
by mortar shell fragments. He suffered a traumatic amputation of the right lower leg, 


along with penetrating wounds of the right thigh. He arrived via helicopter at the 
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forward hospital two hours later. His blood pressure was 150/80, pulse | He appeared 
hard hit and was immediately given 1,500 ¢.c. of blood. 
Ninety grams of deuterium oxide was injeeted intramuscularly int t thigl 
Fig. 9). 
His subsequent eourse was smooth. 
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four hours. This patient had wounds imilar to those of the previou pat t except that 
in this patient there was no injury to the extremity in which the euteriur njecte 
DISCUSSION 
Equilibration following subcutaneous injection In at subject 
occurred within two hours. 
Patient 1 and Patient 2 had severe injuries to the central nervous system. 


The venous deuterium concentration rose very rapidly following subcutaneous 
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injection, and equilibration was apparently reached rapidly. This was 
probably the result of injury to the central nervous system with a resultant 
inerease in blood flow to the skin and subcutaneous tissues. 

Patient 2 and Patient 4, with wounds of the colon and extremity, respec- 
tively, were slow to equilibrate. 

Patients with cerebral injuries cannot often take fluids orally because 
they may be comatose and may aspirate water or vomitus. They do not 
usually require intensive fluid) therapy; yet, under conditions of mass 
casualties, they may have to wait many hours for operation and then for 
adequate postoperative care. 

When compromises in fluid therapy have to be made, this group probably 
offers the best opportunity for the subcutaneous administration of fluid. 
Such a method is less time CONSUMING and requires less skill on the part of the 
“ecorpsman.’’ Within the limits of this study, it appears most promising in 
this group of casualties. 

Conversely, the previous study! has shown that casualties, such as 
Patient 4. with injuries of the extremity can tolerate and absorb water from 
the gastrointestinal tract. 

Equilibration following intramuscular injection occurred in three to four 
hours. This did not appear appreciably influenced by the addition of 
hyaluronidase. Perhaps, however, the force of the injection acted as a 
spreading factor, accounting for the fact that hyaluronidase had no further 
benefit. 

In six other studies, a bottle of saline solution (1,000 ¢.¢.) was placed at 
a height of three feet above the patient. The time required for intramuscular 
infusion (three subjeets) and subcutaneous infusion (three subjects) into the 
thigh averaged three hours, and the procedure was quite painful. The study 
Was then repeated in the opposite thigh but hyaluronidase (150° turbidity 
units) was added to each bottle. The average time of infusion was forty-five 
minutes and the discomfort was minimal. Under similar circumstanees, 
hyaluronidase would doubtlessly speed the equilibration of deuterium. 

Patient 5 and Patient 6, who had wounds of the extremities, demonstrated 
aslight to marked slowing of equilibration. 

The studies on Patient 6 suggest the possibility of a reduced blood flow 
in the museles of the thigh proximal to a severe injury of the leg. This re- 
mains in doubt, but knowledge is needed as to the changes in the cireulation 
Inand around major wounds, 

SUMMARY 

1. In this preliminary study, the equilibration time following the sub- 
Cutaneous injection into the thigh of 50 Gm. of deuterium oxide was 120 
minutes. 

2. Following injury to the central nervous system, equilibration time 
after subeutaneous injection into the thigh was shortened. Two other 
patients with injuries to the abdomen and extremities, respectively, demon- 
strated a prolonged equilibration time. 
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3d. The equilibration time following the intramuscular injection into the 
thigh of 100 Gm. of deuterium oxide was three to four hours. This time was 
not appreciably changed by the addition of hyaluronidase. 

4. Following injury, two patients demonstrated a moderate delay in 
equilibration after intramuscular injection of deuterium oxide. 

». In the treatment of mass casualties, subcutaneous fluid administration 
would probably prove useful as an adjunct to therapy of the neurosurgical 
patients. Hyaluronidase speeds the infusion and lessens the discomfort, 
Although it did not appear to hasten equilibration under the conditions of this 
study, it may well prove effective when added to a eravity Infusion 


The author gratefully acknowledges that the leuteriun t vse ‘ e by the 
Mass Spectrometer Section of the National Bureau of Stan ising techy \" levelope 


by Dr. Vernon H. Dibler of that section. 
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STUDIES ON THE ABSORPTION AND EQUILIBRATION OF WATER 
(DEUTERIUM OXIDE) FROM THE GASTROINTESTINAL TRACT 
FOLLOWING ABDOMINAL SURGERY UNDER 
SPINAL ANESTHESIA 
Jounx M. Howarp,* Carpraix, MC, USA, ano Joun H. Davis, Caprarx, MC, USA 
(From the Surgical Research Team in Korea of the Army Medical Service Graduate School, 


United States Army, in collaboration with the Division of Atomic and Radiation 


Physics, National Burcau of Standards, Washington, D. C.) 


CHLOERB and his co-workers’ deseribed an equilibration curve in venous 
blood following the oral ingestion of deuterium oxide (heavy water) in a 
human subjeet. They found an equilibration time of approximately three hours. 
As part of a study of the systemie response to trauma, this observation was 
confirmed and extended.’ Similar studies were made in battle casualties who 
had suffered injuries involving the abdominal viscera. It was found that in 
such a casualty, equilibration of deuterium oxide from the gastrointestinal tract 
was markedly slowed. Evidence was presented which suggested that this defect 
involved an actual decrease in the rate of absorption of water from the bowel. 
The deficiency was found to persist as long as seven days following the return 


of ‘clinically normal” gastrointestinal function. 

This study represents an extension of the previous study to four patients 
undergoing abdominal surgery of the types commonly performed in civilian 
practice. One hundred grams of deuterium oxide (99.8 per cent pure) was 
given orally. Venous blood samples were drawn at stated intervals. 

The methods of handling the blood samples and of analyzing the plasma 
for deuterium have been previously deseribed.' In brief, the deuterium content 
of the plasma was determined by converting the **free water’? to hydrogen over 
hot magnesium with subsequent spectrometric analysis of the isotopie hydrogens. 
Analysis of the test mixtures of hydrogens indicated the mass spectrometer 
uncertainty to be of the order of 1 per cent for samples containing 0.3 atom 
per cent deuterium, 

OBSERVATIONS 

Parienr to - This $3-year-old healthy man, after fasting for twelve hours, and while at 
bed rest, drank 100 Gm. of deuterium oxide. The changing concentration of deuterium in 
the plasma is demonstrated in Fig. 1. Equilibration of the deuterium throughout the body 
occurred within ninety minutes. Immediately following the uncomplicated repair of bilateral 
indirect inguinal hernias, under spinal (procaine) anesthesia, the study was repeated (Fig. 1). 
At the time of the second study, the patient was still anesthetized below the level of the eighth 
intercostal nerve. 

The operation required only sixty minutes and involved entering the abdomen only at 
the time of ligating the peritoneal sac. The bowel was not handled at any time. 

Received for publication June 16, 1954. 
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Houston, Texas. 
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Postoperatively, the patient took fluids orally in amounts sufficient rst 
There were no gastrointestinal symptoms other than constipation for seventy 
PATIENT 2. This 2o-vear old soldier entered the hospital Iter an I iVs 
duration. Laparotomy under spinal (procaine) anesthesia revealed a gang nix 
without perforation. Appendectomy without additional exploration was yp equir 
ing thirty minutes. 
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Immediately after operation, the stomach was emptied and the patient was given 100 
Gm, of deuterium oxide orally. 


The results of the study are demonstrated in Fig. 2. 
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The solid line represents a study of a second control subject. Equilibration in Patient 
(dotted line) was not reached within 180 minutes. 
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Equilibration has not been reached within 240 minutes. 


ParieENT 3.—This 25-year-old soldier was admitted to the hospital with abdominal pain 
of approximately forty-eight hours’ duration, Laparotomy under spinal anesthesia revealed 
a perforated appendix with generalized peritonitis. Appendectomy was performed. 
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On the first postoperative day, fifteen hours after operation, blood pres 


pulse 100, oral temperature 99.8°  F. No peristalsis could be heard. He 
medication except antibioties. He was elven, at this time, 100 Gm. oft 
orally, the stomach having been emptied previously by means of a gastric t 


The results of the study are demonstrated in Fig. 

Fluids were given intravenously for forty-eight hours Kis su 
uneventful. 

PATIENT 4.—This 22-vear-old soldier became ill four urs prot 
Examination demonstrated an incarcerated inguinal hernia, w h was 
under spinal (procaine) anesthesia. The ineareerated small | el 
viable. 

He was placed on a course of parenteral fluids and g 

On the first postoperative day he had no audible perist: 
operation he was given 100 Gm. of deuterium oxide orally. 1 
the previous eighteen hours, 

The equilibration curve is demonstrated in Fig. 4. 


His subsequent course was uncomplicats 


DISCLSSION 


All four patients demonstrated a delaved equillbration 


surgery. 


Patient | demonstrated an equilibration tine ot pele rid 
the oral ingestion of 100 Gim. of deuterium oxic When the studs 
following herniorrhaphy and while the patient was st! nder sp 


the plasma concentration of deuterium rose to greater levels than 
during the control study. This inereased concentration eradua 
the level of equilibration. 

This high coneentration cannot be explained SHUIpPIV ot 
splanchnie vasodilatation and inereased rate of absorption, 


equilibrates rapidly following its intravenous injection The prol 


during which the deuterium coneentration is elevated must 
diffusion from the blood stream and a continued diffusion or abso 
the gastrointestinal traet during this period. 

The second patient demonstrated an equilibration curve 
similar to that of the first patient. Both patients were studied 
following the completion of the operation, 


The third patient had a generalized peritonitis. Hlis slowly risit 


coneentration (Fie. 3) and prolonged equilibration period are sin 


pattern found following intestinal perforations due » combat mn, 
delayed equilibration in this patient was due primarily to the decre: 


absorption or diffusion from the bowel. 


Patient 4 had a rapid increase in the plasma deuterium concent rati 
reached a peak in twenty minutes (Fig. 4) and then subsided. Thi 


described as occurring in the normal subjeet.’ Equilibration, how 


delayed. 
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SUMMARY 


The equilibration time of deuterium oxide, following oral ingestion of 100 
(im. was prolonged in four patients who had undergone appendectomy or 
inguinal herniorrhaphy within the preceding twenty-four hours. This deficiency 
appears to be proportional to the magnitude of the original disease or injury. 


The author gratefully acknowledges that the deuterium analyses were made by the Mass 
Spectrometer Section of the National Bureau of Standards using techniques developed by Dr. 
Vernon H. Dibeler of that section. 
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A SIMPLIFIED TECHNIQUE FOR THE SURGERY OF INGROWING 


NAILS 


Marvin D. STEINBERG, Pop.D.. New Yorn. N.Y 


HE need for a simple technique for the surgical treatment 


infected ingrowing nails is readily apparent. Anyone who has 
to undertake the usual radical operation is familiar with the 
countered. For a condition as common as ingrowing toenails 
surgery is time consuming and involves mueh surgical trauma. M 


consider the procedure difficult and one requiring 


4 


tail, and some go so far as to recommend skin eraftine 


This paper will deseribe a new t chnique and instrument wil 


the surgery of ingrowing nails as to make this operation a simple off 
Surgical trauma is reduced to a minimum, and the actual operat 
aration takes no more than about thirty seconds. The patient 


immediately after the operation and has a minimum of diseor 


been developing the instrument and technique over a period ot 
my colleagues and I have used it with notable success we 

The vreat toe iS the Ohne MmOst frequents involved altho lvl 
are by no means excluded. The condition Mav oceur on the 
both sides of a toe. Shoe trauma, short stockings, injury, chro 
tosis, or other skin infections are predisposing factors. The co 
more frequently among children and voung adults {rrantllatio 


tissue, acanthoma, and infection frequently complicate is cond 
dition is usually very painful, and the patient will often ager 
off the visible corner of the nail, leavine a buried projyectlon Ob Mi 
makes the matter worse. 

Surgery of ingrowing toenails is indieated when other mie 
vention and control prove unavailing. Preventive steps sucl 
and stockings, control of skin infections, especially Those Of tine 
cutting the nail straight across may be tried. Chiropodists contro 
tial ingrown toenails by packing the free edges of the nails wi 
carefully smoothing the free edge with a nail eurett 


Surgieal correction should be considered in the following co 


a) when there is constant recurrence despite props lactic 
(b) when the nail is so crowded and covered with @ranulations 


surgery apparent; 


(¢) when marked deformity of the nail and matrix are present 


(d) when bone changes involving the distal phalanx are pres 
gressing ; and 

(e) when hypertrophic fibrotic flaps are present and are being 
the nail. 
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All patients with ingrowing nails should be carefully examined for the 


presence of vascular, diabetic, or neurological disorders and, if present, appro- 


priate measures should be instituted. Patients showing marked vascular in- 


sufficiency, with or without diabetes, should not have radieal toe surgery per- 
formed for ingrowing nails. 

The suceessful development of the new technique required the production 
of a new instrument, illustrated in Fig. 1, /eft and right.* The instrument com- 
prises a trephinelike, annular cutting head (.1), the hollow portion extending into 
a groove (B). This groove holds the plug of excised tissue during the operation 
after being cut through by the annular cutting head. The annular eutting head 
has a raised projection (C) which serves to separate the plug of exeised tissue 
from the toe at the end of the operation. This can be clearly seen in Fig. 1, b, 
which shows the detail of the cuttine head enlarged. The function of each 
part of the instrument will be more clearly seen from the detailed deseription 


of the operative technique. 


A —--+ 








Fig. 1.—-Left, The Steinberg trephine for the surgery of ingrowing nails. 
Right, Enlarged front and side views of the 4.5 and 6.0 mm. cutting heads, showing the 
Ussue groove (B) and raised projection (C) for severing the core of excised tissue. 


Infections, if present, should be controiled preoperatively as usual. Any 
offending nail easily approached should be removed as this acts as a foreign 
body and continues the active infection. All wet dressings should be bland. 
Antibioties sueh as Terramycin or penicillin may be used and are rapidly effee- 
tive except in tineal infections. With this routine, forty-eight to seventy-two 
hours is usually sufficient preparation for surgery. 


*The author gratefully acknowledges the assistance given in the development and _ pro- 
duction of the instrument by Central Research Specialties of Tuckahoe, New York. 
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The loeal anesthesia is administered as shown in Fig. 2 usine a 25 rauge. 
one-half-ineh needle attached to a 1 ¢.¢. tuberculin syringe. Two per cent pro. 
eaine with 1/100,000 epinephrine is injected just proximal to the affected areg 
at approximately the visible base of the nail, and directed forward (Fig, 9 
Needle 7), using about 0.75 ¢.c. of the procaine. When anesthesia begins, addi- 
tional injections of the anesthetic are given at Points 2 and 3. The total quantity 
ot procaine need not exceed 1.5 ¢.c. in the adult great toe for one side The 
anesthetic should be injected very slowly. 


When anesthesia is complete, a superficial débridement of loose infeeted 


tissue and nail is carried out with a small nail eurette. The area is then washed 
with aleohol, dried, thoroughly painted with tineture of Merthiolate, and dried 
with a sterile gauze pad. 





2.—Preparation of t 


A nick is made on the anterior edge of the nail with a short, sh: rp SCISSOrS 


one-eighth inch from the affected lateral border (see Fig. 2). An ineision is 
made at the junction of the posterior and lateral eponychium or the posterio! 
corner of the nail. The ineision should extend to the tuberele at the base ol 
the phalanx and should be angulated slightly toward the affeeted edge of th 
toe (Fig. 2). This incision is then bluntly undermined so as to allow room fol 
entrance of the cutting head of the new instrument 

The instrument is then engaged at the nick in the nail with the projecting 
cutting edge and tissue groove facing uppermost, as shown in Fig. 3. The in- 
strument is turned on its long axis, baek and forth, with a boring motion and Is 
directed posteriorly, keeping the instrument parallel and close to the phalanx 
at all times. The boring motion is continued, causing the instrument to proceed 


posteriorly, cutting nail, nail bed, circumscribed infected granulations, and 
fibrous tissues (see Fig. 4). The head of the instrument should be completely 
under the skin in the region of the matrix. 

When the cutting head of the instrument reaches the posterior fold, it 
proceeds under the skin through the previously prepared incision. The instru- 
ment continues posteriorly until only the base of the euttine head is visible. 
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The leading edge of the cutting head is now in front of the tuberele or the 
posterior extreme of the matrix, The instrument is retracted slightly and then 
raised perpendicularly to the phalanx, bringing the projecting cutting edge 
in cutting contact with the matrix. It is pressed down firmly, causing it to sever 
the attachments of the plug of excised tissues contained in the groove of the in- 
strument (see Fig. 5). 

After removal of tissue is completed, sterile sulfanilamide may be dusted 
into the wound. A large Michel clip is applied to the posterior incision in the 
skin, and a wick of gauze is packed into the wound. The free edge of the nail 
(about one-fourth inch) now protruding into the wound is removed with a 
sharp scissors and as far back as possible so as to prevent this edge of nail 
from interfering with the healing process. If inversion of the skin edges 
gecurs in the posterior incision, it is advisable to remove such edges with a 


SCISSOLS. 





Mt 























Pig. 3. Fig. 4. 


Fig. 3.—Start of operation. 
Fig. 4.—Midway through operation. 


A dry dressing is applied, and the patient is permitted moderate physical 
activities. No bathing of the foot is permitted. Sedation is rarely necessary 
postoperatively. Surgical trauma and loss of blood are at a minimum. 

The packing and clip are removed in forty-eight hours, and a wiek of sterile 
gauze is reinserted in the wound and removed four days later. Only sterile 
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sulfanilamide is dusted into the wound. If the patient Has receryve antibiotics 
prior to surgery, it is wise to continue for several days. Healing isually 
complete in three weeks. The cosmetic results are excellent extremely 
rare to encounter local reactions of an untavorable nature to sullar amide, 

Healing proceeds rapidly, and at the end of three weeks ther ‘ ttle else 
to do but protect the area with gauze or a Band-Aid Until this 1 IVeSsings 
should be changed every three to five days depending upon the ance of 
the area. When the wound has filled in well, usually after ten days ¢ oxide 


ointment will be found serviceable. 
For the adult great toe, an instrument with a cuttine hea ne a 6 mm 


bore is used. For children and the smaller adult toes. the use of ; nstrument 


with a 4.5 mm. bore gives very satisfactory results 


y 


rN 4 
\ 








Fig I r tt 

No spicules of nail or deformity, of the nail has been seen in the we ovel 
100) cases already completed, In my experience only two cases 1 s tar have 
not done remarkably well. These eases will be outlined so that n pittalls 
will he avoided by those contemplating this new procedure In the first case, 
surgery was performed at the insistence of the patient while active suppuratiol 
was still present. Following surgery, the wound remained infected and cor 
tinued to suppurate and remain acutely inflamed for six weeks. After saline 
wet dressings were continuously applied and Terramycin was reinstituted, the 
infection subsided and the toe healed. It would seem essential to delay surgery 
until acute inflammation ‘and infection have been adequately cont ed. Oeea 
sionally just the removal of a small piece of offending nail will suffice. It is also 
essential to continue with the antibiotie of choice for at least forty-cight hours 


after surgery in such eases. 


The second case involved doing too little. The case was not a severe one, 
and the instrument was used superficially. This resulted in a quiekly healed 
wound (two weeks), but the posterior corner of the nail still irritated the in 


completely removed contiguous tissues. The posterior corner was then excised 


thoroughly, and healing was rapid and complete with no further diffieults 
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SUMMARY 


A new instrument and simplified technique for the surgical treatment of 
ingrowing nails are described. There is a minimum of sureieal trauma with con- 
sequently little postoperative pain and disability. Wealing is usually rapid 
with uniformly good cosmetic results. It has been used with notable suecess 
in over 100 cases. The technique is well within the grasp of the average prac- 
titioner. 
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Case Reports 


ESOPHAGEAL VARICES WITHOUT PORTAL HYPERTENSION 
JoHN H. Morrox, M.D... ann THomas .J. Wienuan, -Pr.. M.D., 
ROCHESTER, N.Y, 


(From the Department of Surgery. Universitu of Rocheste Nehool of Medi d De ntistry 


INTRODUCTION 


EMORRHAGE from esophageal varices has long been a fe; 


tion of cirrhosis of the liver because hemorrhage is responsible for death 


dl complica- 


in up to iS per cent of all eirrhotie patients, ana heceause Corti 20 to 50 per 
cent of persons with portal hypertension are alive one year after their first 
episode of hematemesis.' Surgical interest in this problem has inereased 
greatly since Blakemore and Lord? in 1945 demonstrated the clime i ¢ asibilits 
oft reducing portal hypertension I producing portacaval a! lie! renal shunts 

The following case is reported because it represents an unusual picture of 


large esophageal varices without portal hypertension in an adult. Operation 
was undertaken with the intention of performing a venous shunt it this was 
abandoned and a later esophagogastrectomy performed when the portal bed 


pressure was found to be within normal limits. 


CASK REPOR'! 


H. HL, No. 182560, was admitted to the emergency vision of R er Municipal 
Hospital Nov. 29, 1953, in coma. The only history available at the time | story Trot 
police that he had been drinking radiator cleaner all das Physical exar revealed ¢ 
comatose white man with a fruity odor on his breath. The only positive p nndaing was 
hepatomegaly. The liver was peal perbole Dem. below the right istal margir smooth sur 
face and sharp edge. There was no splenomegaly or ascites, and no spids ngiomata were 
seen. 

He was admitted on the medical service and treated supportivels By following day 
he had recovered consciousness and a history could be obtained. The patient stated that he 
was 50 years of age, and that he had been a heavy drinker all his life For the eek before 
admission he had been on a spree, drinking denatured alcohol. He gave a tory of two ep 
sodes of hematemesis with tarry stools occurring in the eighteen to twenty-four months pre 
ceding his admission. For both episodes he was treated elsewhere and multiple blood trans 
fusions were required on both occasions. His old record showed one previous mission to this 
hospital in 1939 with methyl alcohol poisoning. At that time the liver was not palpable, and 
recovery was uneventful. 

During the present admission he began to pass tarry stools on the seeor hospital day 
and continued to do so intermittently for the next two weeks. On the fourt spital day hn 
had an episode of hematemesis, vomiting about 300 «ec. of bright red blood In associatior 
with this he developed hypotension with the hemoglobin level dropping to 10.3 Gm. per cent 
and the hematocrit to 32 per cent. Important liver chemistries at the time of thy hematemesis 


+4 


were: prothrombin time 80 per cent, thymol turbidity 0.5 unit, cephalir culation 14 
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ieterus index 3, alkaline phosphatase 5.8 Bodansky units, serum proteins 6.5 Gm. per cent 
with 4.2 Gm. per cent albumin and 2.3 Gm. per cent globulin. A barium swallow showed large 
esophageal varices in the lower third of the esophagus. 

During the next ten days the liver enlarged and became tender, and the patient became 
icteric. At its greatest size the liver extended about 12 em. below the costal margin. At this 
time the prothrombin time dropped to 45 per cent and the ieterus index inereased to 25. 
Gradually over the next two weeks, the jaundice regressed and the liver became smaller. At 
the end of this time the prothrombin time was again 80 per cent, icterus index 5, cephalin 
flocculation negative, and blood cholesterol 164 mg. per cent with the cholesterol esters 113 
mg. per eent, 

The medical service felt that he had Laennee’s cirrhosis with portal hypertension and 
esophageal varices, and therefore a surgical consultation was requested to consider the ad- 
visability of a venous shunt, When he was first seen by the surgical service Dee, 25, 1953, 
the liver edge was palpable S com. below the right costal margin, and its surface was 
smooth and nontender, There was no splenomegaly or ascites. It was felt that he had a 
compensated cirrhosis and that a portacaval shunt was advisable. 

Consequently, operation was performed Dee, 30, 1953, under endotracheal anesthesia. <A 
right thoracoabdominal incision extending through the eighth intercostal space was used. 
The liver was rather soft, but its surface was smooth and pink, and no nodularity or fibrosis 
was evident. On cut surface the parenchyma was yellow-brown, and microseopie section 
showed normal liver with no fibrosis but with a moderate infiltration of chronic inflammatory 
cells. There were avascular adhesions between the liver, diaphragm, and surrounding viscera. 
There was no free fluid and the spleen was normal in size. There were no dilated or tortuous 
veins in the portal bed. The right gastrie vein was cannulated, and the pressure, measured 
with the base of the manometer at the level of the most dependent portion of the portal 
hed, was 17 em. of saline solution. Dissection was then continued to isolate the portal vein. 
This vein was of normal size with a soft collapsible lumen. Pressure in the right gastrie 
vein Was again measured and found to be 21 em. of saline solution, The portal vein was then 
camped with an atraumatie clamp, and the right gastric vein pressure rose to 49 em, of saline 
solution. After the portal vein clamp was removed, this pressure fell rapidly to 20 em. Pres- 
sure in the inferior vena cava taken in a similar manner was 13 em. It was felt that a porta- 
caval shunt would not help the patient, so the ineision was closed without drainage. 

His postoperative convalescence was uneventful. On Jan. 15, 1954, an esophagoseopy was 
performed, and large soft varices were seen in the lower third of the esophagus. An at- 
tempt was made to measure the pressure in the varices through the esophagoseope, but this 
Was unsuccessful for technical reasons. 

On Jan, 22, 1954, a left thoracotomy was carried out under endotracheal anesthesia. The 
ninth rib was resected and the diaphragm divided in line with the chest wall incision. Many 
large, tortuous vessels were found in the submucosa of the stomach and the esophagus. The 
upper third of the stomach and lower 7 em. of the esophagus were resected, and an esophago- 
gastrostomy was performed in three layers on the anterior surface of the gastric pouch. <A 
Levin tube was passed through the anastomosis, and the incision was closed with a eatheter 
in the left chest for continuous suction. 

Postoperatively he progressed well. The Levin tube was removed on the first and the 
chest eatheter on the second postoperative day. By the fourth day he was taking a full liquid 
diet, and by the eighth day a convalescent uleer diet with minimal dysphagia. On the tenth 
day a barium swallow showed some narrowing at the esophagogastrie anastomosis with slight 
dilatation of the esophagus above it. No residual varices were seen. His only postoperative 
difficulty was pain in the region of the thoracotomy incision relieved by intercostal procaine 
blocks. He was discharged Feb, 8, 1954, in satisfaetory condition. 

When seen in the outpatient department Mareh 15, 1954, the dysphagia had regressed 
completely but he had resumed his aleoholie intake and was losing weight. A complaint of 
further dysphagia led to a repeat esophagoseopy April 3, 1954. At this time the esophago- 
gastrostomy was adequately patent, and no varices were seen. There had been no reeurrence 


of bleeding. 
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DISCUSSION 


Because of the success in treating esophageal varices with 


tension by shunt operations, there is a tendency to regard all 


esophagus as a secondary manifestation of portal hypertension. I 


Linton!’ stated that the demonstration of esophageal varices indicat 


ence of either intrahepatic or extrahepatic portal bed block. IF 
cal point of view this assumption Is Correct Im most instances I) 
proved cases of varices, Higgins’ found cirrhosis in sixty-thres 
possible Cause for portal hypertension in the remainine twetl 
When examined from the pathologie point of view, howeve: 
parent that varices do occur in the absence of anv demonstre 
portal hypertension. From the Massachusetts General Hospit 


incidental large varices at autopsy in a patient over TO was rr 


berg’? reviewed 1,189 consecutive autopsies and found varices 

S per cent) of the series. Somewhat less than one-half ot 
showed varices in the lower thir of the esc phagus, Tile ea where 
of portal hypertension occur. Of the forty patients wit arices 
third of the esophagus, only sixteen showed cirrhosis, and it 
twenty-four (60 per cent of the group) no cause for portal hy 


apparent. (Conversely, along the thirty patients il the se re S 


only seventeen a per cent showed varices, Rack Mineks 


reviewed all autopsy protocols at Cleveland City Hospital and 
one cases of esophageal varices, In this group were twenty-two 
Laennee’s cirrhosis. but nine (29 per cent) showed no appar 
portal hypertension. These nine patients were all adults varyi 
tween 45 and 65, and in two of the eases fatal he orrnane 


had occurred, 


Clinical cases where a mistaken diagnosis of port: hVpert 
surgery are rarely reported, and further reports are justified 
this situation occasionally arises. Rack and his colleagues repo 


vear-old man with an aleoholic background who suffered one epi 
sive hematemesis and was shown to have varices DV X-raVv eN 


operation, the liver was normal, and -portal pressure was not els 


sequently, the abdomen was closed and the patient Was observed 
later a barium swallow no longer revealed varices. In reviewin: 
literature they were able to find approximately twelve cases 


varices without portal hypertension, slightly over one-half of the 
Lichtman’ mentioned that rarely varices have been found in p 
echronie alcoholism without cirrhosis and that these cases have bee 
to the caustic action of alcohol on the esophageal mucosa 

A recent case report’? deseribed a young girl in whom repe: 
intestinal hemorrhage led to an extensive work-up and two negative 


explorations. <A final fatal hemorrhage occurred, and post-mort 


tion showed esophageal varices with evidence of a recent bleeding 


signs of portal hypertension were present. The author found om 
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a young boy with a similar fatal outcome. In their six cases, Schafer and 
Kittle’ included a 7-yvear-old girl with bleeding varices despite a normal liver 
and spleen. Further bleeding occurred after partial esophagogastrectomy. 

Even when portal hypertension is present, the reason for hemorrhage from 
varices remains in dispute. Chiles and his co-workers’ studied fatal cases of 
esophageal hemorrhage. In 56 per cent of their cases they found histologic 
evidence of sufficient local ulceration to be important. In 39 per cent there 
was no local inflammation histologically, and it was felt that spontaneous rup- 
ture had occurred due to increased hydrostatic pressure. In 5 per cent of the 
series no definite conclusions could be reached. They pointed out that when 
local inflammatory ulcerations were important etiologically, mere reduction of 
hydrostatic pressure by a venous shunt might not effectively control bleeding. 
Lichtman mentioned several possible causes for bleeding: (1) extreme over- 
distention of the varices from a sudden increase in intraluminal pressure by 
extreme muscular exertion or prolonged retching, (2) loeal trauma from coarse 
food, (3) direct action of aleohol on the wall of the esophagus, (4) aeid peptic 
erosion, (9) esophagitis in association with an acute upper respiratory infee- 
tion. 

There are few studies of the incidence of varices in known e¢irrhoties. 
Studies on autopsy material are difficult to evaluate because of the tendeney 
for the varices to collapse post mortem. Clinically, the presence of varices ean 
be determined by barium study of the esophagus or by esophagoseopy. Demon- 
stration by barium swallow is the most common technique, but Brick and 
Palmer’ feel that esophagoscopy is more accurate and that it is safe even in 
the presence of bleeding. [na group of 150 patients with histologically proved 
cirrhosis they demonstrated varices in 63 per cent by esophagoscopy. In one- 
half of the group with and in twelve patients without varices a history of 
hemorrhage was obtained. In a studyv'* of the source of bleeding in cirrhotic 
patients, these authors reviewed forty-seven patients with varices and known 
gastrointestinal bleeding. In thirteen of the group some other possible bleed- 
ing souree was present in addition to the varices, the most common seeond 
lesions being peptie ulcer, hypertrophic and erosive gastritis, and hiatus hernia. 
They felt that peptic ulceration might be more common in cirrhotie than in 
nhoneirrhotic persons. Of the forty-seven patients studied, eleven died of 
hemorrhage, and the source of bleeding was studied at autopsy. In seven pa- 
tients the varices were responsible, but in two, acute erosive gastritis and in 
one, a bleeding duodenal uleer were the sites of hemorrhage. 

Varices have been found in association with systemic disease such as 
coronary heart disease or obstruction to the azygos veins. In this group the 
varices are not usually confined to the lower third of the esophagus, and this 
fact is of value diagnostically in distinguishing these cases from the group 
under consideration here. The etiology of the varices in our case and in the 
Similar ones reported remains entirely obscure. The apparent spontaneous 
regression of varices in the case reported by Rack and his co-workers easts 


doubt on the theory of congenital origin suggested by some authors. 
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A number of surgical approaches are available for the treatment of hemor. 
rhage from esophageal varices. Crile® divided the various operations into two 
types, the direet and indirect attacks. Among the direct operations which 
have been employed, he mentioned resection of the cardiac end of the stomach 
and the lower esophagus, injection of the varices through the esophagoseope, 
and transesophageal ligation of the varices. The indirect operation s included 
portacaval or lienorenal anastomoses, mediastinal packing, devascularization 
of the stomach, total gastrectomy, splenectomy, and ligation of the splenie 
artery. More recently, ligation of the hepatic artery has been introduced by 
Rienhoff..”) At present, portacaval anastomosis appears to be the procedure 


of choice if portal hypertension is present and there is a satisfactory portal 


vein for anastomosis. In the case reported here, a shunt was clearly not indi- 
cated, and either esophagogastrectomy or a transesophageal ligation of the 
varices appeared more logieal. Ksophagoseopic Injection or trans¢ sophageal 
ligation is usually of chief value as a temporary measure to control bleeding 


until a more definitive shunt operation ean be earried out. In this patient 
without portal hypertension, ligation might have effected a permanent eure 
Rack and his colleagues did no further surgery on their patient when portal 
pressure was found to be normal, and apparently the varices regressed spon- 
taneously. In our patient, Who had suffered three major hemo ages, all 
presumably from bleeding varices, some operative procedure secmed desirable 


in an attempt to prevent further trouble. 


SUMMARY 


A patient with three episodes of severe gastrointestinal heme hawe, pre 
sumably from esophageal varices, is reported. At operation he was discovered 
to have normal portal pressure and no evidence of cirrhosis. It is re-empha 
sized that esophageal varices do occasionally develop in the absence of portal 
hypertension. The significance of this fact with reference to surgical the rap) 
is ciseussed. 
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CARCINOCHONDROSARCOMA OF TILE BRE 


A Case ReEpor' 
CLAIBORNE W. Fircuerr, M.D... CHARLOTTESVILLE, 
(From the Department of Surgery, University of Virginia Hi 
INTRODUCTION 


HE rather sudden appearance of a rapids erowlng bre 


cause suspicion of the diagnosis ot sareonia, A recent sueh cas IS TOs 
pital proved to be a rare tvpe of breast tumor on mieroscopie s e un 
usual nature of this tumor and the confusion regarding its ologi 
classification make this case of interest to both surgeon and patho ‘ 

CASK REVORI 

\ 57-year-old white married woman was admitted to 1 
on July 29, 1953, with a complaint of a tumor of the rig 
She first noticed a small lun pyoin the pper outer quadrant of the rig 
prior to admission, which had increase n size since onset ~} , 
sharp shooting pain through this breast but no tenderness. On ee she 
noticed a small amount of purulent discharge from the 1 ‘ There Ss 
denied weight loss. Past medical historv revealed that ‘ g 
tion and appendectomy. She had had no pregnancies. 
mother died of ‘‘eancer of her chest.’ Her father was 

Examination revealed a well-developed, well-nout 
than her stated age. There was a 10 by 10 em. hard, irre 
upper outer quadrant of the right breast. This mass exter f 
into the upper inner quadrant of the right breast. The 
there was no tvpical orange peel appearance, No 0 f 
nipple. There was a single 2 by 2 em. hard axillary node eas 
and the left axilla were entirely normal. There were 1 {| 
dominal examination revealed an o!d healed MeBurne ir ar Th 
remainder of the examination was entirely normal. 

Admission laboratory study revealed a normal bloo \ es 
X-ray examination was interpreted as showing no evidences 

On July 30, 1953, under general anesthesia, a right ra tect f 
A wide removal of mammary skin was accomplished. It 
thickness skin graft to cover a portion of the defect, Pat vie report e re 
moved at operation was infiltrating duct carcinoma of the rea f car 
tilaginous metaplasia and metastases to fifteen of nineteer 
tumor has also been called carcinochondrosarcoma of the breast 

The patient did well postoperatively. The drain was re ed fi 1 
fourth day. Alternate sutures were removed on the sixth dav and the ret tures 0 
the eighth hospital day. The graft took entirely, and the remainder of yn ha 
healed per primam,. The patient was discharged from the hosp ‘ topera 
tive day in good condition and was asked to return to the Tumor ¢ h 

When last seen in the Tumor Clinie on Jan. 28, 1954, she owed no ¢ eof reeul 
rence of the tumor or distant metastases. She had gained 6 pout e ree fro 
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the hospital. The patient agreed to take deep x-ray therapy to the chest wall and axilla 
provided she could get them nearer to her home, She was referred to the roentgenologist 


at her local hospital for therapy. 


LY 


R 
le & 
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Wor ENS 


Chondromatous metapla eccurring im infiltrating duct carcinoma of the breast. 


Axillary Iymph node showing metastatic carcinoma from the breast. 


Gross Description of Specimen Submitted for Pathologic Lramination.—Right breast, 
pectoral museles, and axillary contents: The breast and underlying tissues measured 20 by 
ls by 7 em. The white skin which covered the larger part of this tissue measured 16 by 14 
em, The nipple was not inverted or retracted and there was no dimpling of the skin. On 
palpation of the breast there was found a hard, fixed nodule in the upper outer quadrant. On 
section, this mass was found to be 2 em. from the nipple but did seem to infiltrate into the 
tissue about the nipple. The mass was approximately 2 mm. beneath the skin surface and ex- 
tended deeply throughout all the breast tissue down to the peectoralis major muscle. The 
Mass measured 6 by 5 by 3 cm. On section, the tumor mass was seen to be composed of a 
homogenous white tissue with areas of brownish to purplish discoloration and small scattered 
areas of fat. Nineteen lymph nodes were found in the axillary tissues and were removed. 

Microscopie Examination (Figs. 1 and 2).—The microscopic study of the tumor itself 


showed large areas of cartilaginous metaplasia in areas of tumor growing as an infiltrative 
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duct carcinoma. In some areas the metaplasia dominated the microscopic picture, No 
areas of Osseous metaplasia were seen in any of the sections. The remainder of the tumor 
showed the characteristies of an epithelial infiltrative duet carcinoma. 

Microscopic examination of the nineteen axillary Ivmph nodes revealed metastases 
to fifteen. The metastases were characteristic of those of infiltrating duet carcinoma of the 


breast with an occasional small area of metaplasia, 


DISCUSSION 


Sarcoma of the breast is an uncommon lesion. F'ox' reported sixty cases 
of sarcoma in a series of 3,500 malignant breast tumors, or 1.6 per cent. Rogers 
and Flo? reported only twenty-two cases of breast sarcoma from the combined 
records of the Pondville Hospital and the Massachusetts General Hospital from 
1923 to 1942. They found that only 600 eases of sarcoma of the breast lad been 
reported in the literature up to 1942. Adair and Herrmann’ reported thirty 
sarcomas (0.5 per cent) among 5,499 examples of malignant breast tumors seen 
at the Memorial Hospital from 1926 to 1944. 


Fox’ classified breast sarcomas into four groups as follows 


Group L. ibrosarcomas, 

Group Il. Neurogenic sarcomas, 

Group IIL. Lymphoid sarcomas, 

(;roup Iv. Miscellaneous nonindigenous sarcomas 


Group I was by far the largest (70 per cent) and had the best prognosis 


Groups IT and IIT were rare and characterized by a high degree of malig 
naney and a fatal outeome. The last group contained miscellaneous rare tumors 
whose behavior showed no group characteristics. In the fourth group he in 
eluded giant-cell sarcoma, carcinosarcoma, angiosarecoma, liposareoma, and 
osteogenic sarcoma. Rogers and Ilo? adopted this same classification of sai 


comas of the breast and reported four cases in the fourth, or miscellaneous, 
group. Two of their cases were angiosarecomas, one a liposarcoma, and on 


a careinosarcoma. 


Adair and Herrmann’ reported a single case of carcinosarcoma in their 
series from Memorial Hospital. They listed several theories which have heen 
advaneed to explain the presence of carcinoma and sarcoma in the same neo- 


plasm : 


1. That it is a mixed tumor. 

2. That a carcinoma stimulates the adjacent connective tissue to undergo 
sarcomatous transformation, or conversely that an antecedent sarcoma 
causes a carcinomatous change in the neighboring epithelial elements. 

5. That there are two distinet and separate tumors whieh grow toward 
each other and coalesce. 

4. That the lesion is a primary carcinoma, some portions of which become 
so altered in histologic appearance that they are interpreted as sarcoma. 
Examples of sarcoma composed of more than one element are occasionally 


encountered in the breast. Two of these are the osteosarcoma and chondro- 
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sarcoma. Whether the osseous and cartilaginous foci arise from embryonic 
rests or as a result of metaplasia is a moot point. These tumors appear to 
he of relatively low-grade malignaney. 

Foot and Stewart,*:° in their classification of breast carcinomas, included 
in their group of relatively rare carcinomas, carcinoma with osseous and ear- 
tilaginous metaplasia. In this group they ineluded the so-called earcinochon- 
drosarcoma and chondrosarcocarcinoma. This of all the mammary carcinomas 
furnished some of the most bizarre microscopic forms of breast tumors. The 
metaplastic characters may be seen only in very limited areas of a tumor grow- 
ing as infiltrating duct carcinoma, or they may dominate the histologic pic- 
ture almost to the exclusion of other elements. These tumors may show areas 
growing as squamous carcinoma. Invariably, there is a more or less spindle- 
cell component which can in most cases be traced in transitional stages to 
malignant epithelial cells. Actually, it seems that spindle-cell metaplasia is an 
intermediate stage preliminary to the assumption of the osseous and ecartilag- 
inous qualities. The possible existence of a mesodermal tumor of the breast 
having a structure consistent with osteogenic sarcoma is not denied since 
soft-part sarcomas having these characteristics are well known to exist in 
other locations. It is felt that the vast majority of breast cancers with such 
structure are examples of extraordinary metaplasia in epithelial tumors. It is 
of interest to note that such tumors, while rare in human beings, are seen 
frequently in canine breasts. 

From this discussion of this unusual type of breast neoplasm, one ean see 
that the confusion in classification and nomenclature would be followed by a 
similar confusion on methods of therapy. Unfortunately, too few eases have 
heen reported to make possible a statistical analysis of the various therapeutic 
methods available. I believe it is safe to say that most authors on this subject 


helieve that radical mastectomy is the method of choice. 
CONCLUSION 


A ease of carcinochondrosarcoma of the breast treated by radical mastee- 


tomy and postoperative radiation is presented. A short discussion of the 
nomenclature and classification of this tumor is given. I agree with Foot 
and Stewart that this tumor is a rare type of carcinoma showing osseous and 
cartilaginous metaplasia and should be treated as other infiltrating duet car- 


cinomas of the breast. 
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OMENTAL INFARCTION 
REPORT OF A SECOND CASE IN CHILDHOOD 
JAMES S. MircHeNER, JR., Capraix, MC, USAR 
(From the Surgical Service, Rodriguez Army Hospital, San Juan, Pu 


A N EXTREMELY rare condition is idiopathic segmental infarction of the 


greater omentum, only one ease in childhood having been reported in the 


literature. This first case in a patient below the age of 20 vears Was reported 
by Mantredi! in 1950. Manfredi’s patient was a 9-vear-old gil A pproxi- 
mately twenty-five cases in patients of all ages ean be found in the literature 
The incidence of the condition is undoubtedly vreater as most lkKel\ many 
cases are not reported, some are not subjected to operation, at n others 


the diagnosis is probably missed in spite of operation 


The first case mentioned in the literature was that of Pierre de Marchettis 


in S51, according to Jeffries.” The condition has been called bv such terms 
as ‘‘omental apoplexy,’* ‘‘omental hemorrhage.”’ ‘‘omental hematoma,” and 
‘‘acute epiploitis.”” Very excellent recent reviews on the subject are those 
of Tille’ Kerdasha,'! and Graham. 

The portion of the omentum most commonly involved in the reported 
cases is that on the lower right side. The condition has been notes ith witl 
obese and thin, sparse omentums. Usually, when the abdomen is opened, there 
are found thin blood-tinged fluid and a purplish blue mass attached to the 
parietal peritoneum by flimsy fibrinous adhesions. The mass feels firm and is 
well demareated from the surrounding normal omentum Microscopically 
there are thrombi in the vessels. There is blood and fluid extr: sation with 


necrosis and polymorphonuclear accumulation. 

Many theories have been presented to explain the pathogenesis in these 
cases. The most plausible theory seems to be that spontaneous Venous throm 
hbosis occurs, This most likely iS followed by convestion, edema and extravasa 
tion of blood, necrosis, and inflammatory reaction. The venous thrombosis 
could be initiated by trauma to the vessel walls, temporary torsion wit 
stasis, or, as Totten® has suggested, the congestion following the ingestion of a 
large meal with increased intra-abdominal pressure due to straining may be 
a factor. 

The elinical features of omental infaretion are essentially the same as 
those of acute appendicitis. Only two correct preoperative diagnoses have 
been made in the cases in the literature; both of these were made by Eliason 
and Johnson’ and were both on the left side of the omentum. In nearly all the 
reported cases the preoperative diagnosis made was that of acute appendicitis. 
Acute cholecystitis and perforated peptic uleer have also been mistakenly 


diagnosed. The usual history seems to be one of abdominal pain over the 
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area involved, which in most instances is the right lower segment of the greater 
omentum. There is definite tenderness, muscle spasm, and rebound pain of 
varying degrees. In none of the reported cases was a mass felt, but such 
would seem quite likely. The temperature may be elevated one or two degrees. 
Moderate leukocytosis of 10,000 to 20,000 is present. 


CASE REPORT 


On Oct. 28, 19538, a S-yeur-old white girl, a native of Puerto Rico, was admitted to the 
Rodriguez Army Hospital with a complaint of abdominal pain of twenty-four hours’ duration. 
Past and family histories were entirely negative. The onset of vague abdominal discomfort 
was the first symptom, followed closely by anorexia. There was no vomiting or diarrhea. 
The pain loealized on the right side of the abdomen just above MeBurney’s point. It was 
steady and not cramping, 

On examination the child appeared quite ill, Temperature was 101° F., pulse 100, 
respiration 28. She lay with the legs flexed. Examination of the head, neck, and chest was 
essentially negative. The abdomen was flat. There were no sears or hernias. Tenderness 
was marked about 2 em. above MeBurney'’s point. There was moderate muscle spasm and 
rebound pain refernble to the area of maximal tenderness just above MeBurney’s point. No 
masses were felt. The abdomen was silent on auscultation. Rectal examination was negative, 

Blood studies showed the white blood count to be 17,600 with S82 per cent neutrophils 
and | per cent eosinophils. The normal eosinophil value is of interest in that abdominal pain 
as a result of parasites is a common complaint in Puerto Rieo. The urine examination was 
entirely normal, 

A diagnosis of aeute appendicitis was made and, under ether anesthesia, a MeBurney 
incision Was used to open the peritoneal cavity. Very thin, slightly blood-tinged fluid was 
encountered, The appendix was grossly normal, Exploration with the index finger revealed 
amass just above the incision loosely adherent to the parietal peritoneum. It could not be 
delivered, so a right transverse rectus incision was made about 1 em. above the level of the 
umbilicus, The mass was found to be a segment of the right lowermost part of the omentum, 
measuring Looby 5 by 3 em. Tt was a dark reddish purple in color and quite indurated. The 
junction with normal omentum was quite distinet. There was no definite torsion. The 
abnormal portion of the omentum was excised. The appendix was also removed. The 
child made an uneventful postoperative recovery and has been well to date, six months 
after operation. Microscopic study of the excised omentum showed tissue necrosis, hemor- 


rhage, and infiltration by polymorphonuclear and mononuclear cells. 


SUMMARY 


A brief review of the literature is given on idiopathic segmental infaretion 
of the omentum. An additional case is reported which constitutes the seeond 


ease reported in childhood. 
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MECONIUM PERITONITIS SECONDARY TO CONGENITAL, 
ATRESIA OF THE ILEUM 
Two Cases Wirn RECOVERS 
Ropert R. Nixon, M.D... San ANvoN IO, TEXAS 
ECONIUM peritonitis is a sterile chemical and foreign-body peritonitis. 
secondary to perforation of the intestine in intrauterine, nat: Or neo- 
natal life. Although formerly used nore specifically To deserilby those CaSes 


occurring in utero, the term has been venerally accepted as descriptive also 


of those eases developing during labor or immediately thereafte: It is self. 
evident that bacterial contamination rapidly supervenes in the latter cireun- 
stances, developing when swallowed material in the neonatal period traverses 
the intestine to the point of perforation.’ Meconium fills the intestine through- 
out its length sometime during the second trimester of pregnancy, and pertora 


tion of the intestine can produce meconium peritonitis aris time after the 
fourth or fifth month of intrauterine life. 

Meconium consists of cellular detritus and hair from swallowed amniotic 
fluid together with desquamated cells and secretions of the gastrointestinal 


mucosa, the liver, and the panereas.'*? Extruded into the peritoneal cavity, 
meconium sets up a peritoneal reaction entirely different from t] seen in 
bacterial peritonitis.’ Predominantly there is a foreign-body reaction with 


; 


development of foreign-body giant cells, calcification, and extensive fibrous 
adhesions. The site of perforation in fetal meconium peritonitis is usually 


sealed off spontaneously. 


Congenital intestinal obstruction is the most important etiological faetor 
in the majority of cases. Congenital atresia is the type of obstruction found in 
over 50 per cent of cases. Meconium ileus is second only to atresia in impor: 
tance. Malrotation, congenital bands, and other congenital organic obstrue- 
tions are less common. Birth trauma plays a definite role. According to Lee, 


however, rupture from obstetrie trauma rarely occurs in the absence of predis- 
posing disease in the intestine. 

The frequency of meconium peritonitis is subject to some conjecture. 
Low*® reported a total of only a few more than 100 cases in the medical litera 
ture as late as 1949. Cases treated surgically are uncommon. Most of those 
reported have been autopsy cases. Gross® gave only passing reference to the 
subject in reviewing 140 cases of atresia surgically treated. Kvans,* in a 
review of 1,498 cases of intestinal atresia in the world’s literature in 1991, 
made no reference whatsoever to the subject. In those cases associated with 
obstruction, the symptoms and signs are most prominently those of obstrue 
tion alone. Fetal meconium peritonitis commonly gives no symptoms, as such. 


The diagnosis is infrequently made preoperatively. Neuhauser'’ has ealled 
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attention to the significance of intra-abdominal calcification as a diagnostic 
aid. He reported three cases associated with congenital atresia of the intes- 
tine in Which the presence of calcification made possible a correct diagnosis. 
Free peritoneal air detected on X-ray examination is evidence of recent per- 
foration. 

Recoveries are rare. The first recorded case of recovery following surgi- 
eal intervention for meconium peritonitis was that of Agerty® in 1943. His pa- 
tient, a 06-hour-old male infant, was treated by simple closure of an unex- 
plained recent perforation of the ileum. Neuhauser in 1944 reported a case 
of a 3-day-old full-term male infant, diagnosed preoperatively because of eal- 
cium deposits, suffering from congenital atresia of the jejunum with fetal 
meconium peritonitis. No site of perforation was found. Recovery followed 
side-to-side anastomosis. Low in 1949 reported a similar case in a 4-day-old 
full-term male infant with recovery. Grove® in 1950, in a series of fifteen 
eases of congenital atresia, had one patient treated successfully in whom 
there had been recent perforation proximal to an atresia of the ileum. Re- 


covery following treatment of a recent perforation of the cecum secondary 


to atresia of the splenic flexure was reported by Lee in 1950. Packard" in 
1951 treated successfully by simple drainage a 3-day-old male infant with 
an unexplained perforation in the region of the sigmoid colon, 

The two eases to be reported at this time are of patients with fetal 
meconium peritonitis secondary to congenital atresia of the ileum, both of 
whom had complete agglutination of all peritoneal surfaces and one of whom 
had gangrene of one-third of the small intestine with sterile abscess formation. 


9 


Case 1.—G. B., a 4-day-old full-term white male infant weighing 6 pounds, 3 ounces 
at birth, was admitted to the Baptist Memorial Hospital on May 18, 1950. The family history 
Was of interest in that the father had an extensive congenital deformity of the left forearm 
and hand. Two sisters of the patient were living and well. He had been delivered in a 
neighboring town, and his delivery was without incident. He breathed spontaneously and 
nursed vigorously, but vomiting developed during the first 12 hours of life and continued 
with every feeding until the time of his admission. On the third day of life, he was noted 
to have slight abdominal distention. A flat plate of the abdomen revealed dilated loops of 
small intestine (Fig, 1). Barium enema at the same time showed a patent colon in normal 
position, 

On admission to the hospital the following day, further x-ray studies showed that 
most of the barium had been expelled from the colon, The child, although slightly dis- 
tended and mildly icteric, was alert and aetive. The temperature was 99.8° F. rectally. 
The general physieal examination was otherwise negative and no congenital anomalies 
Were noted. A working diagnosis of congenital intestinal obstruction, probably atresia, 
was made. Parenteral fluids were administered, and three hours after admission the child 
Was taken te the operating room. 

A right reetus incision was made and the abdominal cavity was opened with some 
difficulty due to innumerable adhesions which had agglutinated all peritoneal surfaces and 
completely obliterated the abdominal cavity. A loop of small intestine dilated to a diam- 
eter of 4 em. was encountered at onee. This was freed up and was found to terminate in 
& blind pouch in the upper ileal region. Distal to this point, the small intestine was eol- 
lapsed and densely matted together. The proximal end of the collapsed small intestine was 
located with some difficulty. It had twisted a total of 360 degrees in its long axis and was 
densely adherent to the undersurface of the liver and surrounded by thiekened tissue con- 
taining several hard concretions. This was detached from the liver and approximately two 
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inches of it sacrificed. The open end of the intestine was then closed wit ers of 
sutures, A side-to-side anastomosis was performed using an inner continuous row of (000 
chromie catgut followed by an outer interrupted row of OO00 black silk. Sear for furthe 
abnormalities was made and none were found. The wound was then closed i ers with 
out drainage. The infant was returned from the operating room in satisfactory condition 





Fig. 1.—(Case 1) Flat film of abdomen showing dilated 5 fills OO} 


Postoperatively it was found necessary to apply gastri 


total of seven days, following which all feedings were retained without 


passage of liquid green stools was noted on the third postoperative da \ itures were 
removed on the ninth day, and healing of the abdominal wound was uneventful. The pa 
\ hn preel led 


tient’s further hospital course was complicated by an intractable diarrhea 


dismissal from the hospital before the twenty-sixth postoperative day. He failed to gain 
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weight and was rendmitted six weeks later for an additional two weeks of hospitalization. 
Following this his weight was only 7 pounds, 8 ounces, The diarrhea continued inter- 
mittently at home until the child) was about 4 months of age. His growth and development 
since that time have been somewhat retarded, When last seen in March, 1954, at the age 
of 3 vears, 10 months, his weight was 32 pounds and he appeared active and alert (Fig. 2). 


He was seen, however, to be much retarded in speech, 





yp yA (Case 1) Patient at age of 3 years, 10 months. Weight 32 pounds. 


Case 2... K., a S-hour-old female infant weighing 5 pounds, 8 ounces, was admitted 
to the Baptist Memorial Hospital on June 11, 1953, Although her three sisters had each 
been born about three weeks late, her delivery was three weeks premature. The pregnancy 
Was normal until six weeks prior to delivery, when enormous abdominal distention was 
noted by the mother. During the delivery abnormally large amounts of amniotie fluid were 
passed, and the mother stated that her post-partum weight was twenty-five pounds less than 
that prior to delivery, Bile vomiting developed immediately after birth; the infant 
vomited six times in the first four hours of life. No stools had been passed. 

Physical examination revealed a small but active and alert female infant. Color was 
good. There was no dehydration or ieterus. The thorax was normal without flaring of the 
rib margins, The abdomen was moderately distended but quite soft. There was a very 
unusual bulging of the right anterolateral abdominal wall just below the costal margin. 
This area was soft and compressible; it was dull to percussion, There was also an ill- 
defined mass about 7 em. in diameter centered just to the left of and superior to the um- 
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bilicus. The abdomen was not abnormally tvympanitie. Peristalsis was active. The re 
mainder of the physical examination was not revealing. X-ray films of the abdomen showed 
moderately dilated loops of small intestine. Areas of increased density were seen in the 
right upper quadrant and in the left mid-abdomen (Fig. 3). Barium enema revealed the 
colon to be patent throughout and in normal position, A preoperative diagnosis of eon 
genital intestinal obstruction, nature undetermined, was made. The infant was taken to 
the operating room nine hours after admission to the hospita 
Fig. 3.—(Case 2) Flat film of abdomen showing gas-filled loops of small intestine and the 

increased density of the intra-abdominal absce 
A long transverse incision was made superior to the umbilicus, and the fibers of 


both rectus muscles were severed, The posterior rectus sheath was found to be thiekened 
and edematous. This was incised and a tremendous intra-abdominal abscess was entered. 
This was anterior in position, and filled the entire upper abdomen superior to the umbilicus 


and extended well down into the left lower quadrant. It contained about eight ounces of 
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thin cloudy fluid which had no odor. There were within the abscess cavity several loops of 
dilated and neerotie small intestine which were broken up and fragmented, suggesting 
that the process was of some weeks’ duration. With considerable difticulty the entire 
abscess cavity was dissected out, Its wall in places measured up to 1 em. in thickness. 
The capsule of the abscess and its contents collectively occupied an estimated 40 per cent 
of the abdomen. The small intestine was completely frozen by dense adhesions. It was 
necessary to divide all adhesions before the anatomic relations could be determined. Loops 
of small intestine measuring 2 to 3 em. in diameter were encountered. These were ulti- 
mately seen to be proximal to an atresia in the region of the mid-ileum. Here there was a 
blind pouch which was entirely external to and unattached to the abscess cavity. The 
distal ileum was finally identified and was seen at a point about 2 em, proximal to the 
ileocecal valve to emerge from the capsule of the abscess cavity, It was at first thought 


that the abseess was the result of a volvulus of the terminal ileum secondary to a meconium 





Fig. 4.--(Case 2) Appearance of patient at age of 81, months showing adequate nutritional 
state. 


ileus, Seemingly, however, there had been a perforation of the proximal loop secondary to 
4a congenital atresia, forming adhesions and producing a volvulus of the terminal ileum with 
gangrene and abscess formation. It was estimated that one-third of the small intestine had 
become necrotic. Anastomosis of the remaining intestine presented a considerable problem. 
Insufficient terminal ileum remained for anastomosis, and the cecum and ascending colon 
could not be mobilized. Accordingly the blind end of terminal ileum was closed, and as 
& measure of desperation an isoperistaltic side-to-side ileotransverse colostomy was per- 
formed using an inner continuous layer of 0000 plain catgut and an outer layer of inter- 
rupted No. SO cotton, Operative time was two hours, thirty minutes and the child’s con- 
dition was precarious throughout the operation. At the conclusion of the procedure, how- 
ever, it was felt that a condition had been re-established which was compatible with life, 


and the infant was in fair condition when she left the operating room, 











1156 NIXON 
The postoperative course Was surprising | uneventtu lnter tter n 
dwelling gastrie tube was continued for four davs. Green stools were on the 
fifth postoperative dav, following which all oral feed uy Were retaurine \ erative 
specimen of duodenal contents showed a normal trypsin activity ‘here % period of 
diarrhea from the ninth to the eleventh dav. possibly due to the use of , ' 
The baby was dismissed from the hospital on the fourteent Ostoperatl t ar welght 
at this time was 5 pounds, 7 ounces. Her wound was heal the diarrhe 
she was taking her formula without difticulty. 
Growth and uninterrupted weight gain have continu to the press \ppetit 
has been enormous, requiring up to forty-five ounces of ‘ 
food daily. She passes two large bulky stools dailv, but there has beer 
stools have been malodorous with much gas, although thev are 
normal character. No improvement of the charaeter of thi 
use Of oral pancreatic extract. When last seen in ke y. 1954 Sl, 
months the baby weighted 15 pounds, 8 ounces (Fig. 4 \ ‘ 
be present at that time. Her abdomen was quite larve at prot erant 
so than at the age of 5 months. She was active and al Refer 
ease of Maguire.’ which in some respeets is similar. 
SUMMARY 
The problem ot meconium peritonitis IS discussed. cada Stree entre 
Cases in the medical literature are reviewed. ‘| Wo Cases Of ‘ ee ath 
peritonitis associated with congenital atresia of the ileun erite 
hoth cases there was complete agglutination of all peritom ( he 
second there was also massive gangrene of the ileun Ith sterile CS 
tion. Reeoverv followed sureied! nite rvention i?) haorh ¢« SES 
CONCLUSIONS 
l. etal meconium peritonitis ordinarily eIVeS To SV1 | sue 
Symptoms are usually those ot the underlying eonvenl ‘ ‘ ST 
commonly atresia. The x-ray finding of intra-abdominal calcification lag 
nostie. 
2. Vomiting of bile with or without distention in the ne 
should he grounds for suSpIClon of congenital intestinal obstructi 
4. The presence of free peritoneal air on X-r% Vv examinati Thi ( 
born baby is evidence of recent perforation and is not uneo! seen Hl 
the absence of congenital intestinal obstruction. 
4. Treatment is directed toward the obstruction. lf press absent 
toward closure of any bowel perforations present, 
>. Successful diagnosis and treatment are dlepe ndent upon e eoopel 
tion between the pediatrician and the surgeon. 
Acknowledgment is gratefully made to Dr Virginia St 7 [>t 
San Antonio, Texas, whose pediatric management of the case reported nt 
to a successful outcome 
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AN UNUSUAL COMPLICATION OF A COLOSTOMY 


T. Burritt MERVINE, M.D... AND GAMEWELL A. LEMMON, M.D)).. 
PHILADELPHIA, Pa, 


“lie” ypeareananeesaa of colostomies are frequent occurrences. In a review of 
269 consecutive colostomies, Birnbaum and Ferrier? reported that some 
complication occurred in 168 cases, or 29.5 per cent. The most frequent 
complications are stricture, prolapse, and hernia. 

As a search of the literature failed to reveal a similar case, we are report- 
ing this case in which a loop of small intestine invaginated the wall of the 
intra-abdominal colon and herniated through the colostomy opening, with the 


wall of the colon forming a hernial sae. 


A 28S-vear-old Negro woman was admitted to the Philadelphia General Hospital, 
May 10, 1953, complaining of abdominal and baek pain at arked prot f her 
colostomy. In 1944, at the age of 19, she had had an abdo nal-perine esection at 
another hospital for Ivmphopathia venereum. In 1948, when the colost ecome 
obstructed, she had the terminal segment of colon resecte ind a transverse stom 


established. In 1949, after she again had trouble with the colosto ‘ ‘ <tal color 


was resected and a hepatic tlexure colostomy was performed 


She was well until the night before admission. At 2 M., ens it of bed 
to feed her baby, she noted pain in the low back which soon moved to the TT mer 
She also noted tugging pain at the colostomy site and noticed that the ston was 
protruding more than normally. She went back to bed. but al nal pu ecame more 
severe. The colostomy continued to prolapse more and more with increas peat She 
vomited several times and came to the hospital for admissior e patient was three 
months pregnant and had inactive rheumatic heart disease with mitra er 

Examination revealed a well-developed, well-nourished ung Neg n, acutely 
uncomfortable, groaning and complaining of abdominal pair he abdome sligt 
distended. About twelve inches of large bowel mucosa was prolapse through the 
colostomy in the right upper quadrant. This mucosa was red, edematous, tense; the 
mass could not be reduced; no lumen or opening could be foun: n the { end The 
colostom\s was very tender, but the remainder of the abdomen was not te el Hyper 
peristalsis was present. A‘ well-healed perineal scar was present 

Temperature was 99° F.; pulse, 64; respiration, 24; blood pressure 6/70; hemo 
globin, 0.9 Gm.: white blood eount, 4.750: urinalysis, negative he patient prepared 
for operation, 

Under continuous spinal anesthesia, a transverse incision was ade « reling the 
colostomy and excising the old sear. The peritoneal Cavityv was entered, It seen that 
a loop of small bowel, about mid-ileum, had pushed its wa through the of the 
ascending colon and out through the colostomy. Gentle traction easily reduced this small 
bowel hernia; the bowel was seen to be viable. There was some distentior f proximal 
bowel which was relieved. It was then possible to replace the twelve inches of colonic 


wall which had been evaginated to form the hernial sae. When this was replaced, it was 
seen that the distal two inches of the colostomy was gangrenous; this part was resected. 


A new colostomy was established at the same site and sutured to the abdominal wall with 
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interrupted catgut sutures. The incision was closed in layers. The patient was returned 
to the ward in good condition, Convalescence was uncomplicated. The patient was dis- 


charged in two weeks with a normally functioning colostomy. 
DISCUSSION 


The preoperative diagnosis was an intussusception of the terminal ileum 
through the cecum and out through the colostomy. It was also felt that it 
might be only a simple prolapse of the colostomy with marked edema, but this 
did not explain the small bowel obstructive svmptoms which were present. 

At operation, it was definitely seen that this was not an intussusception, as 
the cecum and terminal ileum were intra-abdominal and a more proximal loop 
of ileum could be seen invaginating the aseendinge colon. After the small 
intestine had been withdrawn, the hernial sae, consisting of the full-thickness 
wall of the colon, had to be replaced with the colostomy. 


CONCLUSION 
A case of hermiation of small bowel through an end colostomy is reported. 
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Editorial 


Medullary Nailing of Fractures 


ITIL the development of inert materials, especially stainless steel and 

Vitallium, which can be tolerated indefinitely, it is natural that surgeons 
should use larger and larger amounts of these materials in. st; izing the 
skeleton. And just as the general use of the x-ray has rendered surgeons more 
conscious of the anatomie results obtained in the treatment of fractures. so has 
the use of antibiotics rendered them more bold in the practies al ope opera 
tions on bones for the purposes of obtaining as accurate a reduction s possible 


and maintaining this by internal fixation. 


It is thus understandable that in the course of a few years surgical prac 
tice has changed from a state in which a surgeon of wide experience occasion. 
ally and timidly inserted a Kirschner wire through the skin and down th 
medulla of a long bone and across the fracture site in order to maintain posi 
tion of the fragments and then removed it as soon as its presence was no longe 
necessary, to a stage where surgeons of relatively little experience net hesi- 
tate to insert a long heavy medulla-filling nail into the shaft of the femur in 
order to fix the fragments of a simple fracture and leave it there indefinitely. 

Consequently, the fixation of broken bones with a medullary il] has ln 
come increasingly popular. Undoubtedly medullary fixation is ; rd step 
in the treatment of fractures. [Tlowever, when one realizes that antibioties are 
not infallible and that the method is fraught with danger, it vy not be ar 
unmixed blessing and should not be undertaken by the uninitiat t is well 
known that many men who are well versed in the procedure have at times got 
ten into serious difficulty during the operation of fixing a fracture with 
medullary nail (Lottes and Wes 

When confronted with a fracture the physician should ask himself the 
question: ‘Is this a fracture which | should treat, or should [ reter it to some 
one who is more expert in the treatment of this particular lesion than 1?” 
And the fact that it may be necessary to send the patient to a near-by city 
should not deter him, because with modern transportation facilities it is rare 
indeed that such a patient cannot with safety be moved to a hospital where 
expert care is available. 

In this country the insertion of a medullary nail entails an open reduction 


of the fracture because American surgeons have found that open reduction 
and nailing under direct vision are more satisfactory and safer for the patient 
and the surgeon than are closed reduction and blind nailing under fluoroscopic 
control. Exceptions are fractures of subcutaneous bones, especially the tibia 
(Lottes?) and the bones of the hand in whieh a satisfactory closed reduction 
is feasible (vom Saal*). Consequently, he should then ask himsel| ‘Is this 
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a fracture which should be subjected to open reduction?’’ This is because 
even in this antibiotic age infections still oceur and the rule still holds that 
fractures Which can be treated satisfactorily by closed methods should be so 
treated. This is because when the surgeon operates upon a simple fracture he 
converts this into a compound fracture and adds the danger of infection and 
increases the possiblity of non-union. Before deciding to use a medullary nail 
he should also ask himself: **Is a medullary nail mechanieally right for this 
particular fracture ?’’ In other words, ean the fragments be immobilized more 
efficiently with such a nail than with some other form of internal fixation 
whieh may be apphed with less difficulty and with which the dangers of com- 
plications are less? 

The decision to use a medullary nail in a given case is also influenced hy 
the facts that in expert hands this method shortens the period of hospitaliza- 
tion, makes the patient more comfortable, promotes the restoration of fune- 
tion, and in expert hands vields better end results than do more conservative 
methods. And in a time of disaster when hospital beds are at a premium its 
general use may be of paramount importance, 

The operation of medullary nailing is a serious procedure and success or 
failure may depend upon having the proper equipment at hand. Consequently, 
the surgeon should study the fractured bone beforehand and see to it that he 
not only has available nails of the correct diameter and length for this par- 
ticular bone, but he should also have broaches of the correct size for enlarg- 
ing the medullary canal if this is necessary. There should also be on hand in- 
struments for extracting the nail if it becomes impacted and a hacksaw for 
cutting it off if the surgeon is not able to remove it without unduly shoeking 
the patient, 

In compound fractures the decision whether to débride and close the 
wound or leave it open may be a very delicate one and the same is true of 
Whether or not to fix the fragments with a medullary nail. We have found 
that in compound fractures which ean be closed with relative safety at the 
time of the débridement. it is just as safe to insert the nail at the primary 
operation as it is to wait until the wound has healed and then insert the nail. 
After this is done the patient should be watched carefully and the wound 
opened and drained immediately if infeetion occurs, but the nail should not 
he removed, The same is true of the nailing of a simple fracture. 

In addition to its use in fresh fractures, the insertion of a medullary nail 
is also a very valuable adjunct in the treatment of delayed or non-union of 
hone, and when used in combination with bone grafts the nail may afford ex- 
cellent fixation and permit a variable amount of function of the part. Further- 
more, the destruction of the marrow and damage to the endosteum and medul- 
lary circulation incident to the insertion of the nail do not appear to have an 
adverse effect upon union of the fragments. 

What has been written here should not be interpreted as an attempt to 
discourage the use of the medullary nail in the treatment of fractures, but to 
improve our results with this method, because in many instances this is the 
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best form of treatment now available. Not only are the end results of such 


treatment satistactory in most cases, but the method may greatly lessen the 


period of disability. For instance, after a successful medullary nailing, a man 
with a fracture of the femur may be up on crutches within a f 


avs and 
resume a sedentary occupation within a few weeks, instead of spending four 
to six months in bed in a large plaster cast or in traction. Likewise, the medul. 
lary fixation of fractures in the hand may not only hasten the restoration, but 
favorably influence the preservation of function in the hand whiel ht have 
been severely crippled by prolonged immobilization. 

It is thus evident that the method is a valuable addition to our armamen- 
tarium, but is not one which is to be used routinely or casually by the surgeon 
who treats only an oceasional fracture. In deciding to use a me ry nai 
the surgeon should he CONSCIOUS ot the complhieations which thas eVvelrop ane 
be prepared to meet them. When these conditions are fulfilled it i very 
valuable form of treatment for many serious fractures 

ue. | / / 
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EXPERIMENTAL PRODUCTION OF FLASH BURNS* 
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James W. Brooks, M.D... AND Everett [pris Evans, Pu.D., M.D.,+ 
RICHMOND, Va. 


(From the Department of Biophysics and the Surgical Research Laboratories, Department of 


Surgery. Medical College of Virginia) 


INTRODUCTION 


HE purpose of the present report is to deseribe the physical techniques 

emploved in this laboratory for the experimental production of flash burns. 
The medical and biologie results of flash burns produced by these methods 
will be reported separately. We have sought to develop laboratory methods 
of simulating atomic flash burns so that we could study various aspects of the 
problem under controlled conditions in the laboratory. The high-intensity 
carbon are was chosen as the source of thermal radiation most likely to ap- 
proximate the conditions of exposure to an atomic fireball. The advantage of 
this source is that the spectral distribution and thermal intensity over lim- 
ited areas are similar to those produced by an atomic bomb flash. The ayp- 
paratus deseribed later has proved valuable for such studies as the following: 

1. The clinical assessment of thermal injury at various incident doses 

of radiation, 


~ 


2. The effect of rate of delivery on the severity of the thermal injury. 

The influence of a thermal intensity varying rapidly with time as 

compared to a constant thermal intensity. 

t. The effects of spectral composition on thermal injury. 

oD). The effect of Initial skin temperature On the degree of thermal in- 
jury. 

6. The combined effeets of thermal and ionizing radiation. 

(. The protective features of clothing and military fabries. 

&. The effeets of skin pigmentation on the severity of thermal injury. 

9. The comparison of flash burns with burns produced by contact with 

a hot object. 


FLASH BURN APPARATUS 


The Scarchlhight.—We have used a twenty-four-inch United States Army 
searchlight for the experimental production of flash burns. This equipment 
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employs a parabolic mirror, twenty-four inches in diameter; the front surface 
is plated with rhodium which provides a reflectance coefficience of about 0.65 
over the range of wave lengths emitted by the high-intensity carbon are, Up. 
der normal eonditions the earbon are has a traverse of four inches, permitting 
the operator to condense or diffuse the beam within narrow limits. By per- 
manently mounting the mirror two inches back of its normal position. an 
appreciable fraction (about 25 per cent) of the thermal energy can be focused 
on a small circular aperture, fifty-four inches in front of the mirror. Thermal 
intensities ranging from 2 eal. per square centimeter per second over a two 
inch diameter area to 8 eal. per square centimeter per second ov one-half- 


inch diameter area ean be obtained in this manner. The image is quite diffuse. 


which is advantageous in producing a uniform burn over a moderate 


For the thermal intensities needed in most experiments involving flash 
burns we have replaced the parabolie mirror with a twenty-four-inch ellip 
soidal mirror purchased from Bausch and Lomb The mirror 1 olded 
glass with a front surface of aluminum which gives a reflectance coefficient 
greater than 0.80 over the spectrum of the earbon are. By placing the carbon 
are at one foeus, thermal Intensities ranging from S eal. per square cel timete 
per second over a two-inch diameter burn area to 25 eal. per square centimeter 
per second over a one-half-inch diameter burn area are produced at the second 
foeus. The mirror has wavy imperfections whieh, while optically desirable 
are advantageous for this application; the diffuse image at the si dd foeus 
produces burns of surprising uniformity over the area limited by the burt 
aperture. 

The Carbon Are. Up to the present we have used the stand: 1 mim 
high-intensity carbons which are stock equipment with the twent ir-Ine 
Army searchlight. The positive carbon Is c¢ored, The are meel is all 
cooled but we have substituted water eooling for the positive earber tieipat 
ing the eventual use of special high-intensity carbons. Water cooling has 
other advantages, even when used with the standard high-intensity carbons 
In the first place, the size of the positive carbon housing can be re iced ap 
preciably, allowing more energy to be focused on the burn aperture. Also, the 
current density of the are can be increased without damaging the Ising Oo 
the mirror. Water is brought to the brass housing through polvethvlene 


tubing to provide electrical insulation. 

The carbon feed mechanism is automatie and the feed rate is adjustable 
Power for the are is furnished by a portable, gasoline-driven, motor-generato 
set which is standard Army equipment for the sixty-inch searchlhght. We hav 
used this larger motor-generator set in preference to the power supply nor 


mally furnished with the twenty-four-inch searchlight because water cooling 


allows us to increase the current density of the are beyond the capacity of the 

smaller power plant. In future applications, the large power plant will furnish 

sufficient energy to operate the are with special high intensitv carbons At the 

present time we are operating the are between 100 and [o0 amperes of current 
*We are indebted to Dr. Herman Pearse, University of Rochester for tin 


helping us to obtain this mirror. 
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with a corresponding current density ranging from 135 to 145 amperes per 
square centimeter, The generator has a capacity of 300 amperes at 100 volts, 
p.c. The actual potential drop across the are is around 75 volts, 25 volts being 
the drop in the feed cables. 

Spectral Distribution of Migh-Intensity Are—The current density of the 
earbon are is the primary factor governing the spectral distribution of the 
emitted radiation. At 180 amperes per square centimeter, the speetral dis- 
tribution approximates that of a black body at 5600° K.' A study of the radi- 
ation transmitted through standard Corning filters while operating our are 
at a density of 140 amperes per square centimeter shows that approximately 
40 per cent of the incident radiation is composed of wave lengths between 
300 and 650 ing; the remaining 60 per cent is beyond 650 mp. According to 
The Effects of Atomic Weapons, the average spectral distribution emanating 
from the fireball of a nominal 20 KT bomb during its secondary phase of radi- 
ation corresponds to a black body temperature of about 6000° K, For a black 
body at this temperature, about 50 per cent of the radiation is to be found 
at wave lengths below 650 my, while the remaining 50 per cent is beyond this 
wave length. Since our are, operating at 140 amperes per square centimeter. 
is roughly equivalent to a black body temperature of 5800° K., it ean be seen 
that the high-density carbon are provides a reasonable simulation to an 
atomic ball of fire. 

Flash Burn Exposures at Constant Thermal Intensity —We have designed 
and operated two types of shutter mechanisms for controlling thermal ex- 
posures. In the first type, the thermal intensity incident on the burn area 
remains constant during the exposure and only the duration can be varied. 
We refer to this as a square wave exposure. The method is illustrated dia- 
grammatically in Fig. 1, and Fig. 2 is a photograph of the apparatus. The 
searchlight beam is intercepted by a revolving steel dise, twenty-four inches in 
diameter. A slot, two and one-half inches wide and subtending an angle of 
| radian at the center, is cut out of the wheel near the periphery. An aux- 
iliary shutter or semaphore operated by a Ledex rotary solenoid is situated 
beyond the slot in the wheel, so that it intercepts the radiation beam passing 
through the slot. Synehronization of the revolving wheel and the semaphore 
shutter is accomplished by means of an electronic switching circuit containing 
three Thyratron tubes with a relay in the plate cireuit of each. They are so 
arranged that when tubes | and 2 are in the econdueting state, direct current 
flows through the solenoid and deflects the semaphore from the burn aperture. 
When all three Thyratrons are in the conducting state, the solenoid current 
is intercepted and the spring-driven semaphore snaps baek into its normal 
position across the burn aperture. The Thyratrons are so connected that 
number 2 cannot fire until | has been triggered; likewise, number 3 eannot 
fire until 2 is conducting. A master switeh must be closed by the burn op- 
erator before any of the tubes can be fired. Triggering of the Thyratrons is 
accomplished by means of a microswiteh which closes momentarily each time 
the eceentrie cam on the shaft reaches a position such that the slot in the wheel 


is beyond the burn aperture. 
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The cyele of operations during a burn exposure is as follows: The oper. 
ator closes the master switch so that the first Thyratron will be triggered when 
the mieroswitch is closed momentarily by the cam. Number | Thyratron is 
now conducting. Upon the next revolution, Thyratron number 2 is triggered. 
just after the slot has revolved past the burn aperture, and the semaphore 
shutter is deflected rapidly from the burn aperture. During the third revolu- 
tion the exposure takes place, but when the slot is just bevend the burn 


aperture, Thyratron number 3 is triggered and the semaphore shutter snaps 


BURNING APERTURE 


WATER COOLED \ 
PLATE 










SEMAPHORE 







WHEEL CUTOUT 





D.C. MOTOR 


Fig. 1. Schematic diagram of square wave exposure ipparatu 


back across the aperture. It will be noted that although it requires three 
revolutions of the wheel for one burn exposure, the semaphore shutter has al- 
most a complete revolution of the wheel in which to operate. Since the min- 
imum time required to operate the semaphore is limited by its mass to about 
0.1 second, this method allows the exposure time to be controlled by the angu- 
lar velocity of the wheel. A one-fourth horsepower, D.C. motor drives the 
wheel and the speed is adjustable by means of a Variac. Exposure times 
ranging from sixteen milliseconds up to several seconds can be provided by 


this shutter system. 
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The square wave exposure apparatus has been especially valuable for 
studies involving a wide range of exposure times (twenty-five milliseconds 


to several seconds) where the duration must be known accurately. The dura- 





Fig. 2.—Photograph of square wave exposure apparatus. 


tion is measured with a photocell and light source mounted close to the burn 
aperture in sueh a manner that the revolving dise interrupts the light beam 
except when the slot passes by. The photocell is coupled to a gating cireuit 
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which controls the operation of a decade sealer. A 1000 eveles yy second 
oscillator feeds pulses into the sealer when the slot allows light t on th 
photocell. For example, if the exposure time is one second, the sealer records 4 
total count of 1,000.) Thus, the sealer indicates directly exposure time in millj 


seconds. 

The venetian blind type of shutter deseribed in the next seetion The 
Thermal Pulse Shutter) allows the thermal intensity incident on the burn ap- 
erture to be varied continuously from 0 to 22 eal. per square centi ter per 
second. The square wave exposure apparatus in conjunction with the venetiay 
blind shutter affords an extremely flexible system for controlled studies oy 


thermal injury where the exposure time, thermal intensity, and nal dost 
can be varied at will. 

Provisions for the insertion of Corning filters of accurately known char. 
acteristics between the semaphore shutter and the burn apertur e made 
it possible to investigate the spectral distribution of the carly re and to 
study the influence of spectral quality on thermal injury. The transmissior 
characteristics of some of these filters are such that they absorl! rge trae- 


tion of the incident energy. It is, therefore, important to limit the exposure 


time in order to prevent deterioration or actual destruction of the filter. Th 
semaphore shutter protects the filter at all times except during actual ex- 
posure. 

The Thermal Pulse Shutter. The thermal Intensity Incident tf a give 
distance from the detonation of an atomie bomb varies rapidl ith time 
Thermal injury results from a short pulse of radiant energy ich rapidly 
reaches a peak intensity and then falls off more slowly with time. In orde 
to investigate the effects of such a pulse of thermal radiation, we have eo 
structed a special type of exposure shutter to simulate the atomic flas] 

The pulse shutter operates on the principle of a venetian nd, as illus 
trated diagrammatieally in Fig. 3 and shown in Fig. 4. Sheet aluminum vanes 
are supported at each end by ball-bearing shafts which pass through a cas 
aluminum frame. The pulleys rotate in synchronism by means of light air- 


eraft control «cable. A linkage arm, three inches in leneth. is fastened to the 


bottom pulley on one side of the frame and has its free end resting on an 


eccentric cam. The cam is rotated by an adjustable speed, D.C. motor through 
a gearbox and a ¢lutch mechanism. The cluteh is constructed so that it eat 
be engaged by pushing a lever; after one revolution of the ea vhich opens 
and closes the aluminum shutters, the clutch disengages automatically. The 
cam shaft is equipped with a vernier setting so that the aluminum vanes ean 
be set manually at any desired degree of opening when the clutch is not en- 
gaged. This allows us to vary continuously the thermal intensity ineident 
on the burn aperture. We use this method of controlling the thermal intensity 
when operating the square wave shutter for burn studies at constant intensity. 


Pulsed exposures are controlled by the speed of the motor and the shape ot 
the cam. Obviously, any desired pulse shape of thermal intensity versus time 
ean be obtained by using the desired cam shape. For flash burn studies in 


tended to simulate the bomb, we use a cam which opens the venetian shutters 











cies de RECENT ADVANCES IN SURGERY 1169 
Number 6 

rather rapidly and closes them relatively slowly to imitate the ‘‘tailing off’’ of 
the thermal flash. Thermal pulses having a duration ranging from 200 milli- 
seconds up to many seconds may be produced by varying the speed of the D.C. 
motor. Mor example, a thermal dose of 5.0 eal. per square centimeter delivered 
in DOO milliseconds has been inflicted on human volunteers and on experi- 
mental animals. This has been compared with the thermal injury resulting 
from the same incident dose delivered in the same time at a constant intensity 
of 10 cal. per square centimeter per second by means of the square wave ap- 


paratus. 
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Fig. 3.—Schematie diagram of venetian blind shutter. 


The integral thermal dose can be ealeulated by measuring the thermal 
intensity as a funetion of angular displacement of the cam; knowing angular 
displacement as a function of time, it is possible to plot a graph of thermal 
intensity versus time. The area under this curve represents the integral 
thermal dose in calories per square centimeter. The duration of the pulse is 
measured direetly by means of a synehronous electric clock. A microswiteh 
actuated by the eam controls the starting and stopping of the eloeck which 
can be read accurately to ten milliseeonds. 

Ideally, a shutter of this type should be placed as close as possible to the 
mirror. It is found experimentally that mounting the venetian blind immedi- 
ately in front of the searchlight housing (eighteen inches from the mirror) 
does not cause horizontal shadows on the foeal plane where the burn aperture 
is located. Diserete values of maximum thermal intensity (shutter fully 
open) can be obtained by interposing metal meshes having various percentages 
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of open space between the pulse shutter and the focal plane defining the burn 
area. The maximum thermal dose which can be delivered in 500 milliseconds 
to the burn area with the cam in current use to simulate the bomb flash is 5.3 








Fig. 4—Photograph of venetian blind shutter. 
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eal, per square centimeter per second. By interposing a series of 14 by 18 
aluminum meshes (ordinary window screening), thermal doses of 0.8, 1.2, 2.0, 


and 3.2 eal. per square centimeter can be delivered. 


CONTROL AND MEASUREMENT OF THERMAL INTENSITY 


We have used two methods in this laboratory of measuring the thermal 
intensity of the searchlight beam. The first method utilizes a constant flow, 
calorimetric technique developed originally for high intensity x-ray dosimetry.* 
Essentially, the differential temperature rise in a column of water flowing at 
a known rate is measured by a thermocouple assembly consisting of eight eop- 
per-constantan junetions connected in series, Four of these junctions are 
immersed in the flowing water before it enters the thermal radiation field, 
while the remaining four junetions are immersed in the water outlet beyond 
the radiation field. The calorimeter is depicted diagrammatically in Fig. 5. 
Between the two sets of junctions, the water impinges normally on a brass 
dise, 0.002 inch thiek and O.575 ineh in diameter. The outside surface of the 
dise is blackened with camphor scot to simulate a black body. The surface 
of the dise is essentially normal to the radiation beam.  Thermoelectrie 
potential is recorded continuously on a Leeds and Northrup recorder. Know- 
ing the constants of the system, flow rate, area of the dise, temperature rise in 
the water, the recorder can be set to read intensities direetly in calories per 
square centimeter per second. 
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Fig. 5.—Schematie diagram of constant flow calorimeter for measuring thermal intensities. 


In practice, the searchlight operator uses the recorder to set the carbons 
for the maximum intensity compatible with the experimental conditions (in 
nearly all of our work, 22 to 25 eal. per square centimeter per seeond is the 
intensity used). It should be emphasized that the searchlight operator seeks 
to maintain a constant distance between the positive and negative carbons 
during all experimental runs, so that the current density and hence the spee- 
tral composition and thermal intensity will remain as constant as possible at 
all times. This is important since we do not measure the thermal intensity 
during the actual burn exposure but assume that the average of recordings 
taken before and after the exposure are representative of the intensity within 
experimental errors. We are confident that this procedure is justified so long 
as the exposure time is not too short (less than 500 milliseconds). Inherent 
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Variations in intensity due to momentary fluetuations of the carbon are are 
unimportant except for short exposures. Variations in intensity o re than 
) per cent are usually traceable to such factors as uneven feed rate, eccentrie 
rotation of the positive carbon, chipping of the positive crater, voltage fluety 
ations in the power supply, and burning either the positive or the negative 


carbon too near the end. Experience has shown that the intensity can he 
maintained constant within 3 to 5 per cent over a filteen minute period: this 
performance can be repeated at the same intensity after the substitution of 


fresh carbons. 


The constant-flow calorimetric technique for measuring ther: tensities 
has been checked by another method whieh involves measuring the rise in 
temperature of a pure silver dise of known mass and dimensions. The exposed 
surtace of the dise is coated with camphor soot and has a diameter of O.375 
inch corresponding to the blackened receiver used in the water calorimeter 
The rim and back surface of the dise are polished to refleet str: acliation 
and the dise is suspended in a manner to minimize conduetier \ copper 
constantan thermocouple junction is soldered to the back surtace hile the 
other junction is immersed in ice water. The thermoeleetr potential 
foree is recorded on a Leeds and Northrup strip chart recorde: e lise Is 
exposed to the radiation beam for an accurately known time by means of the 
square wave shutter apparatus. The temperature rise traced on 1 ecorder 
is a straight line. Care is taken to cool the dise below room te erature be 
fore an exposure, and the final temperature is limited by the « osure time 
to values a few degrees above room temperature. tn this manne adiation, 
conduction, and convection losses are minimized.  lutensities mv red witl 
the silver dise agree with the water calorimeter to within 5 per cent. Sinee 
both methods measure the intensity over an area whieh is si er than the 
burn area, heat sensitive paper (Chemieal Corps, United States Army, Paper 
Liquid Vesicant Detector M6) and photographie proof paper are ploved 
to evaluate the uniformity of intensity over the entire are: facet, in- 
tensities over the two-inch diameter area are limited to those which are obtain. 
able without evidence of nonuniformity or “*hot spots.”’ This done by 
defocusing the searchlight. For the small one-half-ineh burn aperture, in 
tensities of 23 eal. per square centimeter per second can be produced um 
formly without defoeusing. The heat-sensitive paper method of evaluating 
the uniformity of the radiation field is accurate enough for most biologie stud- 


ies of thermal injury, and there has been no need for elaborate probe methods 
in this laboratory. 

The water calorimeter and the silver dise methods of measuring thermal 
intensity assume that the blackened receiver absorbs all the radiation falling 
upon it and that there is no heat loss from radiation, conduction, and eon 
vection. Camphor soot approximates a blaek body; while the radi: 
the ellipsoidal mirror is a converging beam and not parallel light, the max 
imum angle between the converging light rays and a normal to the blackened 


receiver is only nine degrees. <All surfaces except the receiver are coated with 
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aluminum paint to reduce radiation losses, and the temperature rise is kept to 

l 4 minimum Consistent with accurate measurement. In the case of the water 

calorimeter, this is accomplished by using a high flow rate of water. We be- 

lieve that the errors introduced in these methods of calibrating the thermal 





Mig. 6 Photograph of burn platform and associated apparatus. 


intensity are negligible for most biologie applications. Unavoidable heat losses 
and other imperfections result in minimum values since correction for these 
factors would increase the thermal intensity. 
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THE BURN PLATFORM AND APERTURI 


Fig. 6 illustrates the burn platform and limiting aperture which have beer 
used in producing burns on experimental animals and human volunteers. The 
large plywood shield protects the experimental subject from glare and serves 
asa mount for a water-cooled brass plate having a two-inch diameter aperture. 
A separately water-cooled brass dise having a one-half-inch diamete hole ean 
be inserted in the two-inch diameter aperture for small burns at high intensity 
The larger burn aperture (two-inch diameter) is used primarily for dogs wher 
it is desired to cover a large percentage of the body area with burns. lor ex. 
ample, an average dog requires about fifty burns to cover 20 per cent of its 
body area. This takes about eight minutes. The anesthetized dog is supported 
from a movable rack (not shown in Fig. 6) by thongs tied to his feet and is 


moved across the aperture hy two or more operators. Separate, two ineh di 


ameter burns are produced at each exposure until one side of the animal has 
received about twenty-five burns. The animal is reversed to the other sid 
and the procedure repeated. 

Thermal injury on human beings is inflicted with the one-halt-inel 
diameter aperture. Usually, the subject’s arm is held against the aperture by 
the burn surgeon. From nine to twelve small burns can be inflieted on the up 


per arm without undue discomfort to the volunteer. 


SUMMARY 


Experimental methods of producing flash burns with a twenty-four-inel 
Army searchlight equipped with an ellipsoidal mirror are described. The 
spectral distribution of the carbon are is compared with that from the atomic 
bomb, and it is coneluded that the carbon are provides a reasonable simulation 
of atomic flash burns so far as spectral quality is concerned. Exposure tech- 
niques employing constant thermal intensity and an intensity varying rapidly 
with time are deseribed, and two methods of measuring therma| brite nsity are 


given. Methods ot producing flash burns Ot experime ntal anima . nal numal 


volunteers are deseribed briefly. 
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Appraisal of Progress in Surgical Therapy 
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CALORIC NEEDS IN SURGICAL PATIENTS 
Robert ELMAN, M.D., St. Louris, Mo. 


(From the Department of Surgery, Washington University School of Medicine) 


pment have learned by experience that therapeutic success in surgical 
diseases, especially those requiring operation, depends upon many factors, 
one of Which is adequate attention to the nutritional needs of the patient. To 
rely upon the ‘‘natural’’ course of events too often means an inadequate in- 
take and the inevitable development of tissue and of fluid deficits which in 
themselves may even lead to a fatal outcome. 

To prevent or correct such deficits, a certain minimal nutritional intake 
must be provided; at the same time unnecessary or excessive intakes must be 
avoided. In achieving the desired objective, simple rather than complicated 
methods are preferred. To aid its Fellows in the use of these methods and to 
increase available knowledge in this field, the American College of Surgeons 
has established a permanent Committee on Nutrition. 

Caloric or energy needs, as the primary subject of this discussion, repre- 
sent a nutritional element which is most essential for maintaining life. Un- 
like water, which is just as essential but must be supplied, energy needs can 
be and are met by the breakdown of the body’s own tissue whenever the 
dietary intake is inadequate. Energy may come from either fat or protein 
tissue or both. The amount of adipose tissue in the body is often large and 
under most conditions can be readily catabolized. For example, a 70-kilogram 
moderately obese adult can theoretically furnish up to 90,000 endogenous 
calories. Although protein tissue is also extensive and available for calorie 
purposes, sueh conversion, unlike the breakdown of fat, is physiologically 
undesirable. As to stored carbohydrate, the amount is slight. Hepatic 


glycogen (average 9) Gim.) even after a large feeding is obviously too 
small to be important in this regard. Muscle glycogen, despite the large 
muscle mass, is also small in amount (average = 280 Gm.). Moreover, it is 


relatively unavailable for energy and it persists in the muscle at a near normal 
level, even in advanced malnutrition. 


Prepared at the request of the Committee on Nutrition of the Surgical Patient of the 
American College of Surgeons and the Editor of SURGERY. 
Received for publication Sept. 14, 1954. 
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In addition to its large stores in the body, calories have another charae. 

teristic in that, aside from water, they come from food which normally com. 

prises over dO per cent of the bulk of the diet, the rest being protel , a Inerals. 
and vitamins. 

These two characteristics are of practical importance in providing a mini 


mum intake for sick surgical patients in whom a full dietary intake may b 
temporarily unfeasible or even impossible. Emphasis will be placed on the 
relation of calorie needs to the total dietary requirement, parti Vv pro 
tein. 

In the following discussion, a few general considerations Tomy 
sented first, followed by sections dealing with the basie calorie meeds, in 


creased calorie needs, and reduced caloric needs. 


GENERAL CONSIDERATIONS 


Under this heading will be discussed first, the general probl of the 
unit of measurement used in estimating ealorie (and other) needs, second, the 
calorie values of various foods, ana third, the choice of calorigent OOS 

Unit of Measurement. Calorie needs are usually expressed eit hn terms 
of calories per unit of lovely welght or in terms of surface area ‘ atte 
wives a fairly constant figure for different species of varving size even Tol 
changes during the growing period, being about 900 calories per square meter 
per day. Even in adults, surface area vields a much more constant ie thar 
body weight inasmuch as the latter varies directly with the amount of adipose 
tissue, Which requires few calories. For example, fat men were ne to 
require an average daily calorie intake of 22 per kilogram as compared witl 
thin men, who required 29, a difference of about 30 per cent. The difference 
between fat and thin women was even greater. By contrast, when ealeula 
tions were based on surface area, which takes into account the height of the 
individual, the *‘normal’’ average varied by not more than o per cent. The 


following equation can he used to caleulate surface area from the elgnt ana 
weight: 
Surface area weight" «x height < constant on 


J | Sobo-4 


A log W x 0.425 + H x O.725 


However, it is more simple to use the nomogram shown in Fig. | 


Even surface area does not really express the true value for the mass of 
active tissue in the body, because two individuals of the same height and 
weight may have vastly different amounts of adipose tissue. Since adipose 
tissue is relatively inert, the calculated caloric need of the one with much fat 
will be too high, of the one with little fat too low. Many methods have been 


devised to measure the actual amount of active or fat-free tissue. One is 
based upon determination of the specifie gravity of the whole body by weigh 
ing the patient while submerged in water; the lower the value the greater 
the proportion of adipose tissue. Another procedure depends on inhaling and 
measuring the amount of retained gaseous nitrogen gas which dissolves in 


fat at a coneentration five times that of the rest of the body Ixtensive 
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studies with these procedures by Behnke and his co-workers® and by Brozek 
and Keys” indicate wide variations, as much as 30 per cent, in fat content 
even in ‘normal’? individuals of the same height and weight. In a summary 
of data from the literature, Keeton found that the amount of adipose tissue 
varied from 5 to 43 per cent of the body weight. Age is important, for 
Brozek and Keys" found that in two groups of the same body weight, the 
young (average age 22) men’s hody fat was 9.8 per cent, whereas the older 


(average age 49) men’s body fat was 21 per cent of the body weight. 
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Fig. 1..-DuBois body surface chart (as prepared by Boothby and Sandiford of the Mayo Clinic). 


Another method of estimating the active fat-free tissue in the body is 
based on measurement of total body water. Since adipose tissue contains less 
than 20 per cent and lean muscle tissue more than 70 per cent water, the 
greater the amount of body water per given surface area or body weight, the 


vreater the mass of active tissue and the smaller the amount of adipose tissue. 


baal 
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Clinical methods for measuring body water have been extensively used 


employing antipyrine, urea, and heavy water (deuterium oxide). Using the 
latter technique, Edelman and associates,’” in thirty-four young male adults 
l7 to 33 years of age, found a range of from 21.2 to 26.1 L. of body water per 


Square meter of surface area. Moreover, of the two extremes just mentioned. 
the body surface was almost the same, that is, 1.89 and 1.91 square meters. 
respectively. Obviously, the individual with 21.2 had much more adipose tissue 
than the one with 26.1 L. of body water per square meter of body surface, 
probably about 25 per cent more. These workers also found a fall in the 
total body water above the age of 40, greater in females than in males, findings 
which correlate fairly well with other data showing the relatively larger 
amount of adipose tissue in the older individual and in females.” 


Direct determination of the relative amounts of adipose and fat-free 
tissue by any method will probably never become as clinically feasible as 
measurements of body weight and height. Nevertheless, it is clear from the 
previously mentioned studies that no method of therapy based upon the 


exact administration of nutritional elements can fail to overlook the influence 


of the relative amounts of these two important components ob the hody, 


Such knowledge is important not only in regard to the provision of calories, 
but also in regard to the replacement of other nutritional deficits, particularl 
hemoglobin and plasma protein, by the use of whole blood transfusions in 
depleted patients. The amount of blood needed in such cases is usu: \ based 
on the restoration of the measured blood volume to a ‘*normal’’ of SU to So 
ml. per kilogram. Errors arise because this figure is an average derived from 
individuals whose body weights represent variable amounts of adipose tissue 
which, of course, carries and needs much less blood than the lean muscle 
tissue. Actual measurements upon which this average is based may vary from 
2) to 100 ml. per kilogram.’ Moreover, a careful study by Hardy and co 


workers®’ has shown that blood volume is much more closely related to the 
amount of active fat-free tissue than to total body weight 

By using an average figure of say 85> ml. per kilogram for restoration, the 
fat patient is likely to receive too much blood, the thin patient too littl To 
illustrate: Patient A, depleted but weighing 60 kilograms with a blood 
volume of 55 ml. per kilogram, is given a transfusion of 1.800 ml. (85 — 55 x 60 
to restore the blood to the ‘‘normal’’ of 85. Actually, since he still has much 


adipose tissue, his ‘‘normal’’ value should be 70 ml. per kilogram rather than 


85. and the total given should be 70 — 55 x 60, or 900 ml. He would therefore 
he given twice as much blood as he needed. Patient B, depleted, but of the 
same weight with a blood volume of 75 ml. per kilogram, receives a trans- 
fusion of 600 ml. (85 — 75 x 60). However, he has so little adipose tissue that 
his ‘‘normal’’ value should be 95 ml. per kilogram rather than 85 and the 


total given should be 1,200 ml. (95 7 x 60). He would therefore have 


been given only one-half as much blood as he actually needed. 


These considerations are also important for the administration of pharma- 
ecologically active drugs, which by tradition are given in doses based on body 
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weight. Except in the case of fat-soluble drugs, a more accurate method 
would be to make a correction based on the estimated weight of fat-free tissue. 

Caloric Value of Food —Using various physical and chemical methods, 
the calorie intake is ealeulated by using a value of about 4 calories per gram 
each for carbohydrate or protein, and 9 calories per gram for fat. However, 
assigning 4+ calories to protein is valid insofar as protein is deaminized and 
utilized for energy. But when protein is utilized for synthesis, energy 1s 
actually consumed rather than yielded. If, for example, a daily intake of 
70 Gin. of protein is metabolized so that one half is used for protein synthesis 
and one-lialt for ealories, the energy exchange might be such that assigning 70 x 4 
or DSO calories as pret of the intake would be more than twice too high. kor this 
reason, the calorie intake should be reeorded as nonprotein calories separately 
from the protein content, 

Chores ol Calorige nee Foods. Although fat, carbohydrate, and protein ‘dll 
each be used I the hacly as a source of calories, protein should be viven only 
or largely to rebuild protein tissue. Ih choosing al cliet the protein must be ot 
good bielogie value (that is, contain an adequate proportion of all and 
especially the so-called essential amino acids), whether it is given by mouth 
as Whole proteln or ly veln as hvdrolvzed protein. Calories should come from 
either fat or carbohydrate, each of whieh will be discussed separately. Other 
forms of calorigenie food such as aleohol will also be mentioned. 

Fat forms an important part of the normal diet not only because it is a 
concentrated source of calories, but also beeause it lends palatability to food 
and has certain other extracalorie funections.’’ Thus is carries the fat-soluble 
Vitamins and certain fatty acids essential for growth. Fat-fed animals, when 
starved, survive longer and show greater physical activity than controls.°° 
Dietary fat also slows the emptying of the stomach and thus prolongs the 


This may be the factor by which fat was 


period of digestion and absorption. 


observed to improve nitrogen balance in the experimental studies of Swanson’® 
and ot Geiger?" and in the human observations by Sehwimmer and MceGavack.*! 
On the other hand, in jejunal feedings Boles and Zollinger® found an in- 
creased tendeney toward diarrhea when the fat content was increased above 
6 per eent. Fat may be poorly tolerated by premature infants. Only the 
glyeero| portion of tat is converted to glycogen and this comprises about 10 
per cent oof fat. Fat alone without glucose cannot prevent the ketosis of 


Starvation. 

Being insoluble in water, fat can be absorbed only as an emulsion of 
droplets of variable size. Digestion and absorption are apparently facilitated 
When the droplets are of small size. The fat particles in whole milk average 
about 3 mierons in diameter, whereas in commercially available homogenized 
milk they average about 04) micron. This difference probably explains the 
findines of Boles and Zollinger, who noted that in jejunal feedings homoe- 
enized milk is not followed hy the digestive disturbances indueed by the use 
of ordinary whole milk. Emulsifving agents such as certain detergents have 


also been recommended as additions to the diet to aid in tat absorption, Much 
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sare 
of the data are conflicting as to their utility. A conference on oral fat emul- 
sions was published in the Annals of the New York Academy of Sciences 
(56: 1, 1952), to which the reader is referred. There seem to be little specifi 
data to indicate whether special emulsions are preferable to more readily 
available cream or homogenized whole milk. Moreover, the siz the fat 
droplets tends to change on standing so that even small particles group to- 
gether and form larger particles, a phenomenon which must always be taken 
into account in studying the physiologic effects of fat emulsions « ifferent 
particle size. For intravenous use, small fat particles are of obvious im- 
portanee, as discussed later. 

Carbohydrate in the food oceurs either as a directly absorbable and utiliz- 
able monosaccharide (for example, glucose) or as disaecharides or poly- 
saccharides, which require digestion before they ean be absorbed and utilized. 
Carbohydrate is a better sparer of nitrogen than fat but can be converted to 
fat and stored as adipose tissue. Some earbohydrates are said to be prefer- 
able to others, depending upon their influence on the flora of the vestive 
tract. However, this subject has been studied extensively without vielding 
clear-cut information. For parenteral feeding, only monosaccharides can be 


utilized, that is, glucose, fructose, or a combination of the two (invert sugar 


Galactose is also suitable, but economically not feasible. 


What is the optimal proportion of fat and carbohydrate in the oral 
diet? In the average well-balanced diet, the ratio in grams is us v 1 of 
fat to 4 of carbohydrate. Little is known as to whether this proportion 1s 
optimal for the sick patient. The advantages of dietary fat in general have 
already been mentioned, but the quantitative details are lacking 

Summary.—Both carbohydrate and fat should ordinarily be present in all 
diets including special liquid diets or tube-feeding mixtures, and the fat 
should be in an adequately emulsified form. Further work is necessary (a) to 
determine the most efficient proportion of fat and carbohydrate, particularly 
for the most rapid restoration of the malnourished, and for the greatest 
utilization of protein, and (b) to evaluate the importance ot t of tiny 


particle size. 


BASIC CALORIC NEEDS 


Considerable knowledge is available in regard to basie ealoric needs be- 
cause exact physical and chemical means such as heat loss, oxygen consump- 
tion, and earbon dioxide production can be and have been employed. The 


subject has been well covered in the classic monograph ** Basal Metabolism in 
Health and Disease’? by DuBois.** Much of the material used hereafter was 
obtained from this source. The caloric needs are usually first stated in terms 
of basic calories per kilogram or per square meter of body surface in an 
average-sized fasting adult at rest under ‘‘normal’’ conditions. 

These basic calorie needs Vary somewhat under a variety 0 ‘normal 
conditions.’’ For example, they are greater in the growing infant and child 
than in the adult. There is also a difference between males and females, 
although this does not exceed about 5 to 10 per cent. Other reasons for 
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‘normal’? variations will be discussed under some of the following sub- 
headings. In general, the average ‘‘normal’’ for an adult is about 25 calories 
per kilogram per day, for all ages about 900 per square meter of body surface 
per day. 

Specific Dynamic Action of Food.—The basic caloric needs represent the 
needs of the fasting individual at rest. The ingestion and digestion of food 
increase the expenditure of energy which has been called ‘‘specifie dynamic 
action,’’ which is different for different foods, for example, higher for protein 
(as much as 50 per cent) than for carbohydrates. However, in the ordinary 
diet the additional total energy involved is not very great, usually not more 
than 5 to 6 per cent. This influence is too small to take into account in 
ealeulating caloric needs under most clinical conditions, but in high protein 
intakes, the increase may be significant. 

The Effect of Environmental Te nepe rature, Although there is considerable 
information on this subjeet, some of whieh is conflicting, there is general 
agreement that the outdoor calorie needs are greater in colder climates. For 
hospitalized patients, however, outdoor temperature is unimportant in that 
the room temperature is usually kept high enough to maintain a ‘‘normal’’ of 
70° to To” BL (21.1 to 25.99 CL). On the other hand, in hot climates, the room 
temperature may rise above this ‘‘normal’’ unless air conditioning is used. 
Most observers have found that the basal energy requirements are less when 
the environmental temperature rises significantly. However, many other 
factors are involved such as humidity and air movement, both of which have 
an influence on calorie expenditure entirely apart from temperature, 

Influence of Physical Activity.—From a basal calorie expenditure of 25 
per kilograms per day, or of 1,600 to 2,000 in the normal resting adult, the 
figure increases to 6,000 calories per day for the most vigorous muscular work. 
As far as hospitalized patients are concerned, it is unlikely that the muscular 
efforts used even in ambulation during illness will ever require more than 
500 calories above the basic needs. It is interesting to contrast calorie needs 
with protein needs during rest in bed. Keys** found negative nitrogen 
balanee on an intake of 54 Gm. of protein per day. Positive balanee, however, 
could be attained by increasing the protein intake to 110 Gm. 

Influence of Age—Infants and children require much more than 25 
calories per kilogram of body weight, roughly 4 x 25 per kilogram at birth, 
3x 25 at 1 vear, 2 x 25 at 5 years, 1.5 x 25 at 10 vears of age. On the other 
hand, when expressed as calories per unit of body surface, the figure for the 
adult (900 calories per square meter per day) is only slightly higher at 1 year 
of age, slightly less at birth. In terms of total calories for the normal active 
child, the following has been reported": 


Children 1l- 3 years 1,200 calories 
4- 6 years 1,600 calories 

7- 9 years 2,000 calories 

10-12 years 2,500 calories 

Girls 13-15 years 2,600 calories 
Boys 13-15 years 3,200 calories 
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It should be emphasized, however, that for the sick afebrile e t rest 


in bed the calorie needs will be considerably less. 


Summary.—For practical purposes 25 ealories per kilogram (in dult 
or 900 per square meter of body surface (at all ages) is a fairly rking 
rule for total daily energy needs under normal basal resting conditions. This 
represents roughly a value of 1,600 to 2,000 calories per day for erage 
sized adult. A correction for the influence of adipose tissue, whi revi 
ously discussed, reduces calorie needs, ean be easily although | lehly 
estimated by noting the relative thickness of the skin folds, esp. ovel 
the abdomen. 

In abnormal states, these ‘‘normal’’ calorie needs may 
creased or decreased. Mach will be discussed separate 


INCREASED CALORIC INTAKI 


The most common clinical situation in which the basie e¢ Lake 
must be increased is that of the malnourished patient In Whom it eSSal 
to restore extensive tissue losses to normal. This nutritiona I bation 
otten called hyperalimentation, means not only iInereased calorie I SU 
increased allowances ot protein, minerals, and vitamins In extre ( 
however, the initial intake is limited by the capacity of the depleted wast 
intestinal mucosa to digest and absorb food, This IS LISCUSSE: l¢ 
(on the other hand, once repletion is under Wav, as le AS «),\ are 
calories and 200 or more Gin. of protein per day may be assimilate ed 
appropriate methods are used.2'°! With a given deficit, it is cle t the 
higher the daily intake, the shorter the period for complete tissue 

Increased Calorv Needs During Fever. A patient sufferine SCS 
more calories than those with norma! holy temperature nh wens 
creased needs follow the general principles of vant Hoff’s law, states 
that the velocity of a chemical reaction increases two to three tines th eacl 
ten-degree rise in temperature centigrade. Thus the basic calo eed il 
creases about 15 per cent for each degree of fever centigrade, or 7 per cent 
for each degree of fever Fahrenheit. Clinieal studies in typhoid teve ve 
shown that the calorie needs are actually increased by 56 to 40 per cent. In 
a series of twelve typhoid patients studied ly several observers, as s rized 
by DuBois, the dietary intake was doubled or tripled, that is, to OS to So 
calories per kilogram plus 7.) to 20 Gm. of protein nitrogen per Twenty-four 
hours, in order to achieve nitrogen balance and to maintain body weight 
Although with such a high intake, in some cases as high as 6,000 calories a day, 
the desired objective was achieved, the practical difficulties encountered in 
sick patients were obvious. In the studies mentioned, the effort as con 
sidered worth while in terms of preventing the usual wasting often seen after 
a long siege of typhoid fever. Some observers even claimed that the course 
of recovery from the infection was favorably influenced by the high food 


intakes. These interesting findings should be verified in other severe febrile 


or other wasting diseases. High food intakes have been studied in burns and 
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other injuries, and clinical benefits have been demonstrated, provided the 
program was not too enthusiastic and was not started too early after the 
acute phase.” 

Entirely apart from the effect of fever, there is little evidence that 
trauma and or operation inerease calorie needs. Cuthbertson’ noted an in- 
creased oXYgen Consumption in patients after skeletal trauma, but believed 
that the inereases could all be explained by the fever associated with the 
injury. Ina recent study by Cope and associates,’’ slight increases in oxygen 
constmmption were found after operation, but values up to 60 and 90 per cent 
above normal were noted after severe burns. These increases persisted for 
some time and were not due to fever or to inereased thyroid activity. On 
the other hand, many injuries are followed by shock or ineipient shoek in 
whieh the basal metabolic needs are greatly lowered. The subject needs more 
study. 

The calorie needs during hyperthyroidism, in spite of a normal tempera- 
ture, are inereased. The same is said to be true of leukemia and other dis- 
edaSes. There Is Some evidence that the wasting often seen in Various cond 


tions may be prevented, in part at least, by increasing the caloric intake. 


REDUCED CALORIC INTAKE 


Although a full or increased caloric intake as just outlined is necessary In 
Most patients, there are at least three conditions in which a reduced calorie 
intake is temporarily indicated or advisable. These are (a) for the reduction 
of weight in obesity: (b) as the initial diet in extreme inanition; (¢) during 
parenteral feeding as a matter of practical necessity. It should be empha- 
sized that im each of these cases the reduced calorie intake is used only fora 
limited period, or until the desired objective is reached, that is, a normal 
nutritional status or normal gastrointestinal function, 

Obesity Diets Many surgieal patients are poor risks for elective pro- 
cedures because of the presence of large amounts of adipose tissue. More- 
over, abdominal and other incisions are technically more difficult to make and 
close in such patients as compared with patients of normal or subnormal 
amounts of subcutaneous fat. Intra-abdominal procedures including hysteree- 
tony and gvastrie and intestinal resections are always made more tedious by 
large deposits of fat in the omentum or mesentery. 

Obesity may coexist with protein or other dietary deficiencies. Even 
When a patient has lost a good deal of weight, most of the loss may have 
been protein so that he still has large amounts of tissue fat. This situation 
follows the prolonged ingestion of a diet, normal or reduced in calories, but 
containing very little protein and vitamins. Such a diet is not too infrequent 
in the siek, but also in supposedly normal elderly edentulous individuals who 
subsist on soft foods such as white bread, gravy, sweets, and so forth. A 
similar situation was seen decades ago at the other extreme of life, in babies 
fed for long periods on highly sweetened **condensed milk’’ which was rela- 
tively high in calories, low in protein. These babies ‘‘easily gain rapidly, but 
are pale, soft and flabby, and have a minimum of resistance to infeetion.’” 
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Protein deficiency in the obese may be suspected on finding emia or 
hypoproteinemia, although frequently laboratory measurements are normal. 
In most cases a clue can be obtained from a dietary history of food intake 
limited to carbohydrate and fat. Bedside physical examination may be help. 


ful such as of the thickness of the skin folds and the tone and consisteney of 
the pectoral and other muscles. Inability to make sustained muscle move. 


ments is also often a sign of tissue protein deficiency. 


Obesity can be treated by a reduetion in the calorie intake he diet 
must contain not more than 1,000 or at most 1.200 calories per « or an 
average-sized adult. Other elements in the diet, especially protel ist be 
maintained at normal or increased levels. The details of the diet and the 
importance of many devices, including attention to psychogenic tors, may 
be found in textbooks on nutritional therapy. Evans and Str: early 
twenty-five vears ago studied the maximum permissible restriction in th 
ealorie intake in the treatment of obesity in human beings. The ound 
that on a total daily intake of 335 ealories and a protein intake 4 Gm. 
per kilogram, negative nitrogen balance followed. When they added only 20 
Gm. of carbohydrate, raising the total calorie intake to 415, nitroge alanee 
was achieved and persisted for many weeks. This study shows e y that 
nitrogen balance can be maintained at a daily ealorie intake below 500 in the 
well individual. This point of view represents a drastic means veight 
reduction which has not been adopted by many clinicians, but its idity has 


been confirmed by Newburgh.*' 


Ertreme Inanition.—Ever since human beings have been s ected to 
famine, it has been known that the extremely malnourished indivi cannot 
always be brought back to normal by the immediate ingestion © ull cliet. 
In certain of these patients, eating a regular meal is followed by iting or 
diarrhea, which, of course, aggravates the malnutrition I" example, 
Pollack** reported that the ordinary army ration given in one eamp for Re- 
eovered Allied Military Prisoners (R.A.M.P.) was followed by a daily sick 
eall rate of 20 per cent, 80 per cent of whom had gastroenteritis. Atter the first 
meal in another camp of 1,000 ** Ramps,’ 150 were hospitalize: acute 
diarrhea. Inability to swallow even water has been described by other ob- 
servers in some of the more severe (terminal) cases. It has bee shown at 
autopsy and experimentally that severe inanition is followed by anatomic 
changes and functional deficiency of the gastrointestinal mucosa which may 
become so pronounced that ordinary food in the usual amounts cannot be 


assimilated. In the most severe cases, the gastrointestinal tract may be so 
damaged that not even simple liquids can be tolerated. In such instances 
death will follow unless a sufficient intake is provided in some other way, that 
is, by parenteral means. Although adverse experiences were reported with 
intravenous feeding in the treatment of the severely cachectie prisoners found 
in the concentration camps in Germany at the end of the last war, the observa- 
tions of Krishnan during the Bengal famine were most impressive. He was 
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able to save only 20 per cent even with blood or glucose infusions. When he 
gave glucose and hydrolyzed protein, the recovery rate was 80 per cent.* 

In most cases of severe inanition, success often followed if the initial oral 
intake was restricted in amount and in ealories. Many workers found that 
the best method was to start with about 1,000 calories or less of simple 
liquids, such as diluted milk, gradually increasing as the tolerance improved. 
On the other hand, Pollack** successfully employed a higher initial intake of 
1,200 to 1,800 calories containing 110 to 180 Gm. of protein. The volume was 
restricted to 1,000 to 1,500 ml., made up with skimmed milk and egg powder. 
Other observers after the Leningrad siege have also noted'® that inelusion of 
a large proportion of protein was advantageous. Interestingly enough, experi- 
mental observations have shown that, on a reduced calorie intake, added pro- 
tein is utilized far better in the depleted than in the normal animal,’ ‘4 and in 
human beings.*” 

The effect of imanition on caloric needs: Many studies have been made, - 
some of which are in conflict. In general, the calorie requirements fall during 
starvation except in infants, in whom they are higher.’* In Benedict’s 
“Completely Fasting Man’’* the maximum reduction in energy loss per day 
was So9 to 668 calories per square meter, after about thirty days of fasting 
and a fall of about 20 per cent in body weight. Many factors are involved in 
the energy requirements of the depleted and particularly sick individual, 
many of whom have lost as much as 50 per cent of their body weight. The 
relative degree with which the active protein and the inactive adipose tissue 
have been lost must be an important factor since the larger the proportion of 
active protoplasm the greater the need for energy. The relative amount of 
these two tissues lost in turn depends upon the kind of diet ingested, the 
intensity of protein catabolism, and particularly upon individual differences 
in the ease with which patients are able to use their adipose tissue rather than 
protein tissue for energy. 

Parenteral Feeding..-When the gastrointestinal tract cannot or should not 
be used and intravenous infusions are the only means of supplying food, a 
full nutritional intake ineluding adequate calories and protein as an amino 
acid mixture, although possible, is not entirely feasible. In terms of protein 
nutrition, 100 Gm. of hydrolyzed protein is a good and feasible intake, but 
in terms of caloric needs, at least 400 Gm. of glucose would have to be in- 
jected, which is not feasible. If considerable amounts of glueose are lost in 
the urine, which is often the case, an even larger amount would have to be 
provided. Unless special devices are used (such as plastic catheters reaching 
into the vena eava, which is not without danger) glucose solutions greater 
than 10 per cent concentrations tend to produce phlebitis. Moreover, the 
infusion of 4 LL. of 10 per cent carbohydrate per day provides twice the amount 
of water ordinarily needed, which, unless adequate electrolyte is added, may 
and aetually has led to evidence of ‘‘water intoxication.’’ Moderately rapid 
infusions of 10 per cent glucose lead to marked hyperglycemia which may 
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produce some degree of cellular dehydration. Intravenous elucos: 
be followed by postinfusion hypoglycemia. Both of these diffieu 
avoided by using fructose. 


Fructose, like glucose. is a hexose and is normally metabolize 


vield 

energy or deposited as glycogen. Unlike glucose, it leaves thi ream 
soon atter infusion, entering the cells rapidly following a metaboli 1) thway 
which seems to require no insulin. Beeause it leaves the bloo ‘ 
promptly, concentrated solutions can be given with less tende: (| 
dehydrating the cells or provoking large losses in the urine \\ vive 
with hvdrolyzed protein, fructose has been shown to lead to bette vel 
balance than olueose. Fructose is hot followed DV i paostil " 
glycemia, which usually occurs with glucose injectior nvert s hic] 
is composed of equal parts of fructose and dextrose, has also been ext ely 
used as ab intravenous source of calorres.” Its effeet is ne 
hetwee n that following either fructose or cle Xtrose alone 

Ethyl alcohol (ethanol has been injected) intravenous ar as 
souree of calories, but also as ; sedative. It is metabolized ( 
vielding about 7 calories per gram. Ethyl aleohol has bee 
as a.) per eent solution In water a 7 elicose, with o Vithou 
A small part of the aleohol is exereted in the urine ned part the « bres 
air, the latter often in sufficient coneentration to be re; li k es 
its odor. The pharmacologic effect of aleohol depends for its inte The 
Amount infused. the rate of infusion, and the individu: Tole f The 
patient, The most significant effeet is as a sedative hie Ni ( Huis 
postoperative patients given intravenous alcohol suffer less pai : 
require other analgesic or soporifie drugs. Rice and his co-ws . 
added alcohol to solutions of glucose and amino acids so as to e 1,00 
calories per liter of infused fluid, thus achieving a full calorie intake Thy ii 
injection of 2 L. per day in an adult. Extensive metabolie studies 
patients showed excellent utilization. Despite its demonstrated el 
aleohol for intravenous infusion has not achieved extensive ceptaner 
DOSSTbD I] because of its side effects and because of soeclo oele re . rh 
other tnplheations and restrictions 

Fat given intravenously as a physiologic source of calori Ss heel 
studied extensively since 1918 and shown to be effectively met ed Tol 
energy. Fat for intravenous infusion does not provoke phlebitis, even whet 
given in concentrations up to 50 per cent, which in suspension is really not 


hvpertonle. Because fat supplies over 9 calories per gran, In cont st to the 


L eglories per gram of glucose and the 7 calories per gram of et ; alcohol, 
1 LL. of 50 per cent fat could supply over 2.700 calories Intravenous 
emulsions could therefore readily solve the problem of meeting the 
ealoric needs of practically all patients whose food must be given int! 
venously, without the disadvantages of phlebitis and or excessive ater i 
take. 





a 








APPRAISAL OF PROGRESS IN SURGICAL THERAPY 1187 


Volume 36 
Number 6 


Safe and satisfactory fat emulsions thus far are not vet available for 
general use. Although certain preparations have been made which can be 
given Without harmful effects (such as emboli or chills and fever), others still 
provoke these or other untoward reactions. Moreover, many of the prepara- 
tions lack stability in that they seem to deteriorate on standing. Some 
preparations seem to have a harmful effect on the blood. For example, in 
one clinical study’? 50 to 40 calories per kilogram of body weight given as a 
20 per cent fat emulsion for one to ten days to four patients was associated 
with a decreased platelet count and a prolonged bleeding time. In another 
study?’ two different intravenous preparations were found to inerease the 
fragility of human and dog red cells. These findings may explain the hemoly- 
sis and anemia which have occasionally been observed following the infusion 


52, 55 


of fat emulsions. Much research is now being intensively carried out,*? 
and may soon provide the means for making a satisfactory preparation. Until 
that occurs, and unless intravenous alcohol is more widely used, the problem of 
readily supplying a full caloric intake during parenteral feeding must be 
considered) unsolved. 

A low caloric intake is actually now common practice in patients receiv- 
ing all food through parenteral channels. Surgeons are still uncertain, how- 
ever, as to how far the caloric intake may be reduced, particularly when 
protein nourishment is also provided in the form of amino acid mixtures 
(hydrolyzed protein). The usual maximum nonprotein caloric intake in this 
country of a patient receiving all food parenterally is either 400 or 800, as 2 L. 
of > per cent or 10 cent glucose, which is about 25 or 50 per cent of the basic 
daily calorie needs, respectively. The actual amount utilized is often less than 
this because of loss of glucose in the urine. 

Is a reduced calorie intake of 400 or 800 per day in an adult acceptable 
during intravenous feeding? This question has been answered in the affirma- 
tive when glucose is given alone, but in the negative by some at least when 
protein food as an amino acid mixture (hydrolyzed protein) has been added 
to the glucose. These answers depend upon certain fundamental physiologic 
considerations which will now be briefly discussed. 

Knergy must be available to all living organisms regardless of intake of 
tuod or lack of it. With inadequate or no food intake, adipose and/or protein 
tissues supply energy, suffering depletion during the process. As already dis- 
cussed, loss of protein, unlike fatty tissue, is physiologically undesirable and 
should be reduced to a minimum or eliminated entirely. The answer to the 
question regarding reduced calorie intake must depend, therefore, upon how 
it affects protein tissue loss, which in turn also depends upon whether the 
glucose infusion is given with or without protein food as an amino acid 
mixture (hydrolyzed protein). A second question must also be asked—how 
does a reduced caloric intake affeet other physiologic and biochemical fune- 
tions? Since both questions involve the addition or omission of protein, the 
subject of reduced caloric intake during parenteral feeding will be discussed 


When given without or with protein. 
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” er, 1954 
Reduced Caloric Intake Without Protein —lIt is obvious that without pro- 
tein at any level of caloric intake, protein tissue will be lost or, as expressed 
in metabolic terms, the patient will be in negative protein or nitrogen balanee. 
As the caloric intake is increased up to a certain point, the degree of negative 
nitrogen balance is reduced by virtue of the well-known ‘‘sparing’’ effect of 
carbohydrate on protein tissue loss. At what level of calorie intake is this 
effect maximal? In other words, how many calories are needed to achieve 
the smallest negative nitrogen balance? Some recent data are ; Hable n 
answer to this question. For example, Gamble has show l well. 
nourished human volunteers in six-day experiments simulating lift t condi- 
tions that less nitrogen was lost on an oral intake of 100 Gm. of glucose a day 
than on an intake of 50 Gm., but that increasing the intake to 200 Gm. did 
not significantly increase the sparing effect. Elman and associates*! showed 
Similar losses of nitrogen after operation when 2 L. of either 5 per cent or 10 
per cent glucose was infused each day. Many of these patients were well 
nourished, and others were malnourished. However, the study period was 
only four days and many of the patients receiving 10 per cent glucose lost 
mueh (occasionally 50 per cent) of the infused sugar in the urine Now it 
has long been known that nitrogen loss falls progressively with protein dep 
rivation whether calories are supplied or not. This phenomenon explains 
the findings of Johnson, Deuel, and co-workers! who coneluded that a full 
calorie intake was necessary to achieve the maximum nitrogen-sparing effect 
These observers found that less nitrogen was lost on a nonprotein intake ot 
1,200 ealories than of 600 calories in four trials in four normal subjects. The 
lowest nitrogen loss was observed in one of them on a 2,000 ealorie non 


protein intake. Serutiny of these data reveals an important difference as 
compared with the two studies already mentioned (see Fig. 2 Thus the 
period of study was ten days, and the differences in the nitrogen-sparing effeet 
of the various calorie intakes were not evident until after the fifth or sixth 
days. In other words, it was clear that only after the experiment progressed 
did the nitrogen loss fall conversely with the calorie intake. On the basis of 
these data, one might conclude that on a nonprotein intake 100 Gm. of glu 
cose is an irreducible minimum. During short periods in well-nourished 
patients 200 Gm. is no better in terms of sparing protein. For long periods 
or in the malnourished, a much larger calorie intake will be needed if one 
wishes to reduce protein loss to a minimum. 

The influence of the caloric intake on other physiologic functions cannot 
be overlooked. Two of which come to mind are acid-base balance and hepatie 
function. It is, of course, desirable to provide enough glucose to avoid the 
excessive ketosis of complete starvation. In a recent study and summary of 
this problem,** evidence was presented to show that ketosis is not significant 
even after operation on an intake of 100 Gm. or more of glucose a day. As 
to hepatie function, there is general agreement as to the value of a high 
glycogen content in the hepatic cells. Biopsy of the liver at operation has 
shown increases in hepatie glycogen of 1 to 3 per cent when 50 to 100 Gm. of 
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glucose Was given before operation as compared with controls not receiving 
glucose.“ °° How much higher values could be reached with higher doses of 
glucose is not known. In this respect fructose, at least when given by mouth, 
was found by Cori to be a better glycogen former than glucose.** 

Summary.—On a nonprotein intake, at least 400 calories (100 Gm. of glu- 
cose) a day is essential for the average-sized normal adult under basal condi- 
tions and for periods under one week. Larger amounts may be physiologically 
desirable by sparing more protein tissue loss, particularly in the malnourished, 
by maintaining a higher level of hepatie glycogen, and perhaps for other 
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Fig. 2.—The rate of urinary nitrogen loss on a nonprotein diet as influenced by the 
level of caloric intake. 

The upper four curves are drawn from the data by Gamble.* Note that the cumulative 
losses are the same (that is, 200+ Gm. expressed as protein) on an intake of 400 and of 800 
calories, as shown in the top two curves, whereas the losses are much greater (over 300 Gm.) 
on an intake of 200 calories as shown in the third curve, and still greater (over 400 Gm.) 
on fasting as shown in the bottom curve. 

The lower five curves are drawn from data by Johnson, Deuel, and associates.*4_ Note 
that the losses at six days, as shown in the lower four curves, are the same at intakes of 
690 and 1200 calories, thus confirming the findings of Gamble. However, at ten days these 
losses are slightly but significantly less with 1,200 than with 600 calories. On an intake of 
2,000 calories (subject 14), as shown in the top curve, a fall in the rate of loss can be seen 
as early as the fourth day, which continued until, by the tenth day, the cumulative loss was 
about 25 per cent less than that on a 600 caloric intake in the same subject, as shown in one 
of the other curves. 

These findings show that the rate of urinary nitrogen loss during the early days of a 
nonprotein diet is not altered by caloric intakes above 400 per day. However, with continued 
protein depletion, caloric increases up to 2,000 per day tend to lower the rate of nitrogen loss. 

Another result of continued protein depletion, as already discussed in the text, is to 
increase the degree of utilization of protein food on a reduced caloric intake. 


Reduced Caloric Intake With Protein.—Sinee protein food ean be used 
either for ealories or to rebuild protein tissue, it is obviously important to 
know which happens when protein is given with a reduced calorie intake. Is 
it all used as ealories and if not, to what extent is it utilized to rebuild tissue? 
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It has been stated by some that protein food should not be vive 
the that 


protein is used as ealories, which are better given as carbohydrate 


cluced calorie intake hecause ot belief under 


This claim overlooks the influence of many faetors which contro 
with which protein food is used to rebuild. tissues, 
given by mouth or by vein. 

An important factor in the utilization of protein as 


a redueed caloric intake is the nutritional state of the subjee 


by Allison’ have shown that positive nitrogen balance ean be reg 


duced on a reduced caloric intake in the depleted but mot in 


animal. Confirmatory data have been reported by Co) ~ 


Moreover, data by Pareira, Conrad, and Elman show also that 
utilize more nitrogen to rebuild tissues on oa reduced ealorie 
depleted than they can after even partial repletion. The differ 
striking to be explained Iyy the reduced ealorie needs, induces 

In the face of severe protein need, therefore, the bowls Ss | iN¢ 
for calories than under normal conditions, and thus permit mor 
food to be used in tissue protein S\ nthesis 

Another factor in the utilization of protein is one of re 

partial utilization of protein food is better than mone Now it is 


the well-nourished normal individual there is ample evidence 
part of the ingested protein food is used for svnthesis Viren thie 
is adequate. Even with moderate malnutrition, Ellison 
observed on an intravenous intake of 150 Gin. of amine ‘ids 
nitrogen balance increased as the total ealories Were i! cr'¢ at 

and finally to 42 per kilogram per day. Hlowever, even at the 


intake, some of the amino acids were used for rebuilding tissttes 


assoclates* 


patients viven only Intravenous glucose and hydrolyzed roten 
tive balance Was invariable On oa full or increased calorie int 
balance Was also observed in Some even when the ealorle intake 


eent of normal. Moreover, On such il reduced Calor le itakKe ! it? 


improved as the proportion of calories as protein Was ereased 
per cent. Indeed, in one patient during four days, positive 
was obtained on an intake consisting of equal parts of elicose 


per cent of me 


acids even though the total ealories were but 45 
observers have found that a low calorie intake affects the degre 
balance only when the reduction is below 50 to 70 per cent 


This would be equivalent to reducing the basie caloric 


1,000 per day. 


These studies show that with reduced calorie intake in the we 


patient mueh, but not all, of the administered protein food is Use: 
To achieve a maximum utilization of protein, full calories are 
However, in extreme inanition protein utilization is excellent « 
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an important part in the degree of nitrogen balance on low calorie intakes. 
As to the latter study." a proportion of equal parts or one containing one part 
glucose to three parts of hydrolyzed protein gave the highest positive nitrogen 
balance. Interestingly, 10 per cent hydrolyzed protein alone without glucose 
gave positive nitrogen balance in two instances and only slightly negative 
balance in SIX others, in contrast to negative nitrogen balance of 6 to 10 Gm. 
with 10 per cent vlucose alone, 

Therape ulic Summary. Knowledge of calorie needs must form the basis 
of any nutritional intake. Since the body has tissue stores for providing 
many of its nutritional needs, the surgeon must first know whether, during 
periods of stress, such use of tissue stores is physiologically adequate or 
desirable. Expressed in another way, before he makes special efforts to supply 
the nutritional needs of the surgical patient, he must know whether such 
provision Will improve on the “*natural’’ mechanisms. Tf it will, he must then 
determine how much and what kind of nutriments shall be provided through 
the means at his disposal. 

To adopt a laissez-faire attitude in the nutritional care of the surgical 
patient inevitably leads to tissue defieits, a state which does not help and 
often detracts from the rapid and most effective restoration of the patient 
subjected to operation or suffering other trauma. This commonly agreed 
point of view Is one of many reasons for the formation of the Committee on 
Nutrition of the American College of Surgeons. Since this is so, it remains 
only to spell out in as exact terms as possible what measures should be taken 
to provide these nutritional needs. 

In respect to calories, it is Important not only to know how much energy 
is used, but to realize that while it is safe to let it originate in part at least 
from the breakdown of the patient's adipose tissues, wastage of protein tissue 
must be minimized or avoided. The problem, then, is to know how much we 
need to supply, particularly when special procedures are necessary, The 
answer depends on many factors, especially the state of the patient's nutrition 
when therapy is started, the length of time he will require special care, and 
the methods available. 

Although the adult surgieal patient uses and therefore needs 1,600° to 
2,000 calories per day under basal conditions, there are numerous situations in 
which the requirements are larger. During the acute phase it is unlikely that 
this much or more must be provided, inasmuch as adipose tissue can well 
supply calories temporarily and is physiologically designed to do so. The 
purpose in supplying eXogenous calories is not to spare the use of adipose 
tissue, but to spare breakdown of protein tissue, to prevent the acidosis of 
starvation, to keep hepatic glycogen high, to permit better utilization of 
administered protein food, and very probably for other as vet undefined 
reasons. Tlowever, to minimize or prevent tissue protein breakdown, protein 
food must be given as well. 

What is the minimum calorie intake which should be provided during 
the acute stage of surgical care? For the adult, a figure of 400 calories is 
certain, but more is probably of value and efforts should be continued to 
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